Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


D,j.,.db,Googlc 


1 


i^-.--- , 


WlEKXlRMrv 


D,.,:cdbvG00g[c 


D«Eodb,Googlc 


'^A-(X/KlXQi 


A  TEXT-'-BemroF  botany 


D,j.,.db,Googlc 


^^fm. 


D,j.,.db,Googlc 


TEXT-BOOK  OF  BOTANY 


DR  E.  STEASBUEGEE  DE.  EEITZ  NOLI. 


DE.  H.  SCHENOK  DE.  A.  F.  W.  SCHIMPEE 


TRANSLATED  FROM  THE  UERMAN  BY 
H.  C.  POETEE,  PB.D. 


H  694  ILLUSTRATIONS,  IN  PART  COLOURED 


%.oittion 

MACMILLAN  AKD  CO.,  Limited 

MEW  YORK  ;  THE  MACMII.LAN  COMPANY 
1898 

r     .zi.db.Gl)Oi;lc 

All  righit  TuemJ  O 


,db,Googlc 


TRANSLATOR'S  PREFACE  TO  THE  ENGLISH 
EDITION 

In  presenting  this  translation  of  the  "  Straaburger  "  Botany,  no  worde 
from  the  translator  are  needed  in  commendation  of  the  original. 
The  names  of  its  authors  and  the  distinguished  poBition  they  occupy 
in  the  world  of  botanical  science  testify  to  the  high  character  of  the 
book,  while  the  necessity  of  issuing  a  second  edition  within  a  year 
after  its  first  appearance,  evidences  the  speedy  recognition  of  its 
merits  awarded  in  Germany.  Embodying  the  well-considered  con- 
cliisions  of  a  lifetime  devoted  to  botanical  work  on  the  part  of 
its  chief  editor,  Strasburger,  and  the  investigations  of  his  able 
collaborators,  Noll,  Schenck  and  Schimper,  it  will  also  be  found  to 
include  all  the  latest  results  of  botanical  study  and  research. 

The  translation  has  been  undertaken  with  the  consent  and 
approval  of  both  authors  and  publishers,  and  is  of  the  second  revised 
German  edition.  It  has  been  my  aim,  as  translator,  to  adhere 
closely  to  the  German,  making  neither  alterations  nor  omissions. 
Only  in  this  way  it  seemed  to  me  possible  to  ensure  a  fair  repre- 
sentation of  the  author's  views,  not  only  on  questions  of  botAuical 
significance,  but  also  on  the  methods  to  be  pursued  in  teaching  the 
ditferent  branches  of  Botany.  It  has  also  been  my  effort  to  avoid 
any  unnecessary  introduction  of  new  terms,  and  I  have  adopted, 
as  far  as  consistent  with  the  German,  the  existing  terminology. 
^Mierever  possible,  in  translating  technical  words  of  a  purely  German 
signification,  I  have  conformed  to  the  usage  of  previous  translations. 
In  seeking  for  an  appropriate  translation  of  the  German  word 
"  Anlage,"  I  have  reverted  to  the  earlier  rendering,  rudiment,  which 
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in  its  common  meaning  of  "  firat,  unahapen  beginning,"  or  "  the  firat 
or  embryotic  origin  of  anything,"  conveys  more  accurately  than  any 
word  yet  proposed  the  true  significance  of  the  term  Anlage  as  used 
in  a  morphological  sense.  I  have  also  followed  the  German  custom 
in  using,  where  coneistent  with  brevity  and  concisenesa,  ordinary 
rather  than  technical,  descriptive  words  whoae  comprehenaion  requires 
a  constant  reference,  on  the  part  of  the  student,  to  a  glossary  or 
botanical  dictionary.  The  expression  "  Hochblatter "  I  have  trans- 
lated as  bracteal  leaves,  in  conformity  with  the  express  statement  of 
the  German  author,  by  whom  they  are  also  designated  ae  bractese. 

In  finding  satisfactory  English  equivalents  for  German  terms 
heretofore  untranslated,  considerable  difficulty  has  been  experienced. 
It  gives  me  great  pleaeure  to  acknowledge  the  helpful  suggestions  and 
advice  received  on  such  points  from  Professor  Macfarlane  and  Doctor 
Harahburger,  and  to  expreas  my  indebtedness  to  them  and  to  Doctors 
Oeterhout  and  Lungershausen  for  the  kind  assistance  rendered  in 
other  details  of  the  work  of  translation. 

H.  C.  PORTER. 
UsnEBSiTi  OF  Pennsylvania, 

Philadelphia,  February  1896. 
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It  is  customary  to  divide  all  living  organisms  into  two  great  kingdoms, 
aaimal  and  vegetable.  A  sharp  boundary  line  between  animal  and 
vegetable  life  can,  however,  be  drawn  only  in  the  case  of  the  more 
highly  developed  organisms ;  while  in  those  of  more  simple  organisa- 
tion all  distinctions  disappear,  and  it  becomes  difficult  to  define  the 
exact  limits  of  Botany  and  Zoology.  This,  in  fact,  could  scarcely  be 
otherwise,  as  all  the  processes  of  life,  in  both  the  animal  and  vegetable 
kingdoms,  are  dependent  on  the  same  substance,  protoplasm.  The 
more  elementary  the  organism,  the  more  apparent  the  general  quali- 
ties of  this  protoplasm  become,  and  hence  the  correspondence 
between  the  lower  organisms  is  specially  striking.  With  more  compli- 
cated organisation,  the  specific  differences  increase,  and  the  character- 
istics distinguishing  animal  from  vegetable  life  become  more  obvious. 
For  the  present,  it  must  be  confessed,  the  recognition  of  an  organism, 
as  an  animal  or  a  plant,  is  dependent  upon  its  supposed  correspondence 
with  an  abstract  idea  of  what  a  plant  or  animal  should  be,  based 
on  certain  fancied  points  of  agreement  between  the  members  of  each 
class.  A  satisfactory  basis  for  the  separation  of  all  living  organisms 
into  the  categories  of  animals  or  plants  can  only  be  obtained  when  it 
is  shown  that  all  organisms  distinguished  as  animals  are  in  reality 
genetically  connected,  and  that  a  similar  connection  exists  between 
all  plants.  The  method  by  which  such  evidence  may  be  arrived  at 
has  been  indicated  in  the  Theory  of  Evolution. 

From  the  palseontological  study  of  the  imprints  of  fossil  animals 
and  plants,  it  has  been  established  that  in  former  epochs  forms  of 
life  differing  from  those  of  tlie  present  age  existed  on  the  earth.  It 
is  also  generally  assumed  that  all  living  animals  and  plants  have 
been  derived  from  previously  existing  forms. 

The  conclusion  is  a  natural  one,  that  those  organisms  possess- 
ing almost  exactly  similar  structures  which  have  been  united  as 
species  under  the  same  genera  are  in  reality  related  to  one  another. 
Indeed,  it  is  permissible  to  take  a  further  step,  and  assume  that  the 
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union  of  corresponding  genera  into  one  family  serves  to  give  expressioa 
to  a  real  relationship  existing  between  them. 

The  evolution  of  a  living  organism  from  others  previously  existing 
and  different  in  form  has  been  distinguished  by  Haeckel  as  its 
phflogenetic  development  or  Phylogeny.  Every  organism  arising 
from  a  like  organism  must,  before  attaining  its  mature  state,  com- 
plete its  own  individual  development,  or,  as  it  has  been  termed  by 
Haeckel,  its  ontogenetic  development  or  Ontogkny.  The  supposi- 
tion that  the  successive  steps  in  the  ontogenetic  development  of 
an  organism  correspond  to  those  of  its  phylogenetic  development, 
and  that  the  ontogeny  of  an  organism  is  accordingly  a  more  or 
less  complete  repetition  of  its  phylogeny,  was  first  asserted  by  Fritz 
MiJLLER,  who  based  bis  conclusions  on  the  results  of  comparative 
research. 

The  idea  of  the  gradual  evolution  of  higher  organisms  from  lower 
was  familiar  to  the  Greek  philosophers,  but  a  scientific  basis  was  first 
given  to  this  hypothesis  in  the  present  centiu:}'.  Through  the  work  of 
Charles  Dahwin  in  particular,  the  belief  in  the  immutability  of 
species  has  been  overturned. 

Darwin  is  also  the  author  of  the  so-called  Theory  of  Selection. 
In  drawing  his  conclusions,  he  proceeds  from  the  variability  of  living 
organisms,  as  shown  by  the  fact  that  tlie  offspring  neither  exactly 
resemble  their  parents  nor  each  other.  To  establish  this  theory,  he 
also  called  attention  to  the  constant  over-production  of  embryonic 
germs,  by  which  the  destruction  of  the  greater  part  must  inevitably 
result.  If  this  were  not  so,  and  all  the  embryos  produced  by  a  single 
pair  attained  their  full  development,  they  would  alone,  in  a  few 
generations,  completely  cover  the  whole  surface  of  the  earth.  The 
actual  condition  of  the  fioras  and  faunas  is  thus  maintained  by  the 
restricted  development  of  the  embryos.  On  account  of  insufficient 
space  for  all,  the  different  claimants  are  engaged  in  an  uninterrupted 
stru^le,  in  which  the  victory  is  gained  by  those  that,  for  any  reason, 
have  an  advantaga  Through  this  "struggle  for  existence,"  as  only 
those  oi^nisms  possessing  some  advantage  live  and  mature,  a  process 
of  enforced  selection  between  the  more  fortunate  survivors  must  result. 
In  this  manner  Darwin  arrived  at  the  supposition  of  a  process  of 
Katusal  Selection,  and  confirmed  his  position  by  analogy  with 
known  results  obtained  by  experimental  cross-breeding  and  cultivation. 
Newly -developed  peculiarities  arising  from  individual  variability  must 
be  inherited  in  order  to  become  permanent  characteristics  of  a  later 
generation.  Just  as  in  artificial  selection,  natural  selection,  although 
unconsciously,  accomplishes  this  result  As  individual  peculiarities 
may  be  developed  by  careful  breeding  and  rendered  permanent,  so 
by  natural  selection  those  qualities  which  are  advantageous  in  the 
struggle  for  existence  become  more  pronounced  and  are  finally  con- 
firmed by  heredity.     By  the  continued  operation  of  natural  selection, 
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oi^nisma  must  result  which  are,  in  the  highest  degree,  fitted  and 
adapted  to  their  environment.  Thus,  by  the  survival  of  the  fittest, 
through  natural  selection,  that  adaptability  to  the  environment  is 
gradually  evolved  which  is  such  a  striking  characteristic  of  organic 
life.  That  the  transitional  forms  in  this  process  of  phylogenetic  de- 
velopment no  longer  exist,  is  accounted  for  in  the  theory  of  natural 
selection  by  the  assumption  that  the  struggle  for  existence  must 
necessarily  have  been  most  severe  between  similar  OTganisms.  For 
similar  organisms  must  have  similar  necessities,  and  the  new  and 
better-equipped  forms  must  ultimately  prevail  over  the  original  leas 
specialised  organisms,  which,  thus  deprived  of  the  essential  requisites 
for  their  existence,  finally  disappear. 

Although  the  great  importance  of  natural  selection  in  the  develop- 
ment of  the  ot^aoic  world  has  been  fully  recognised  by  most 
naturalists,  the  objection  has  been  raised  that  it  alone  is  not  a 
sufScient  explanation  of  all  the  different  processes  in  the  phylogeny 
of  an  organism.  Attention  has  been  called  to  such  organs  as  would 
be  incapable  of  exercising  their  function  until  in  an  advanced 
stage  of  development,  and  bo  could  not  originally  have  been  of  any 
advantage  in  a  struggle  for  existence.  How  could  natural  selection 
tend  to  develop  an  organ  which  would  be  useless  so  long  as  it  was 
still  in  a  rudimentary  condition  ?  This  objection  has  led  to  the 
supposition  of  an  internal  force  residing  in  the  substance  of  the 
oi^aniams  themselves,  and  controlling  their  continuous  development 
in  certain  definite  directions.  Many  naturalists,  indeed,  have  gone  bo 
far  as  to  affinn  that  only  less  advantageous  qualities  have  been 
affected  by  the  struggle  for  existence,  while  the  more  advantageous 
have  been  uninfiuenced  by  it. 

The  phylogenetic  changes  in  the  species  have  been  so  gradually 
accomplished  as  to  have  escaped  observation,  and  indirect  evidence  of 
their  existence  is  all  that  can  be  obtained.  • 

If  the  higher  organisms  have  been  evolved  from  the  lower,  there 
must,  at  one  time,  have  been  no  sharp  distinction  between  plants  and 
animals.  The  simplest  organisms  which  now  exist  are  in  all  proba- 
bility similar  to  those  which  formed  the  atarting-point  in  the  phylo- 
genetic development  of  animal  and  vegetable  life ;  and  it  is  still 
impossible  to  draw  a  sharp  distinction  between  the  lower  forms  of 
plants  and  animals.  The  walls  which  surround  the  elementary  organs 
of  the  plant  body,  and  the  green  colouring  matter  formed  within  them, 
have  been  cited  as  decisive  indications  of  the  vegetable  character  of  an 
organism.  Surrounded  by  firm  walls,  the  living  substance  becomes 
more  isolated,  and,  consequently,  independence  of  action  in  plants,  as 
compared  with  animals,  is  diminished.  By  means  of  the  green  colour- 
ing matter,  pladts  have  the  power  of  producing  their  own  nutritive 
substances  from  certain  constituents  of  the  air  and  water,  and  from  the 
salts  contained  in  the  soil,  and  are  thus  able  to  exist  independently ; 
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while  animals  are  dependent  for  their  nourishment,  and  so  for  their 
very  existence,  on  plants.  Almost  all  the  other  difTerences  wbicli 
distinguish  plants  from  animals  may  be  traced  to  the  structure  of 
plants,  characterised  by  the  firm  walls  of  the  simple  organs,  or  to  the 
manner  of  obtaining  food.  Another  characteristic  of  plants,  is  the  un- 
limited duration  of  their  ontogenetic  development,  which  is  continuous, 
at  certain  points  at  least,  during  their  whole  life.  That  none  of  these 
criteria  are  alone  sufQcient  for  distinguishing  plants  from  animals  is 
evident  from  the  fact  that  all  the  Fungi  are  devoid  of  green  pigment, 
and,  like  animals,  are  dependent  on  green  plants  for  their  nourish- 
ment. On  the  borderland  of  the  two  kingdoms,  where  all  other  dis- 
tinctions are  wanting,  phylc^enetic  resemblances,  accftrding  as  they 
may  indicate  a  probable  relationship  with  plants  or  animals,  serve  as 
a  guide  in  determining  the  position  of  an  organism. 

While  it  is  thus  difficult  to  sharply  distinguish  the  two  great  groups 
of  living  organisms  from  one  another,  a  distinction  between  them  and 
lifeless  bodies  is  readily  recognised.  Living  oi^nisms  are  endowed  with 
the  quality  of  IRR  it  ability,  in  which  all  lifeless  bodies  are  deficient 
External  or  internal  stimuli  influence  living  organisms  to  an  activity, 
which  is  manifested  in  accordance  with  the  requirements  and  conditions 
of  their  internal  structure.  Even  in  the  smallest  known  organisms 
all  manifestations  of  life  are  occasioned  by  a  similar  sensitiveness  to 
external  or  internal  stimuli.  The  question,  however,  continually  arises 
whether,  in  the  smallest  and  simplest  organisms  at  present  discernible 
with  the  highest  magnifying  power  of  the  microscope,  the  ultimate 
limit  of  possible  life  is  actually  represented.  As  this  limit  has  always 
been  extended  with  the  increased  capabilities  of  optical  instruments,  it 
would  seem  arbitrary  to  assert  that  it  would  now  be  impossible  to 
extend  it  stilt  further.  Nageli  accordingly  assumed  tliat  beyond 
what  is  now  made  visible  by  the  microscope  there  exists  a  world  of 
stilt  more  and  more  simple  organisms.  These  he  conceived  of  as 
showing  such  a  degradation  of  the  vital  processes  that  they  finally 
resemble  mere  albuminous  bodies,  which,  be  supposed,  under  certain 
conditions  might  be  produced  by  purely  synthetic  processes.  In  order 
that  a  living  organism  may  develop  out  of  such  albuminous  bodies 
it  must  originally  have  inherent  in  it  the  capability  of  development, 
that  is,  the  capability  of  variation  and  the  ability  to  retain  the 
results  of  this  variability  as  new  qualifications.  It  must,  in  addi- 
tion, have  the  capability  of  growth,  or  of  enlarging  the  mass  of  its 
body  at  the  cost  of  foreign  substances,  and  finally,  the  power  of 
reproduction,  that  is,  of  multiplication  by  a  separation  into  distinct 
parts. 

For  the  substance  itself  which  serves  as  a  basis  for  all  development, 
the  supposition  of  an  inorganic  origin  would  not  bS  incredible  ;  it 
would  even  be  possible  to  imagine  that,  under  certain  conditions, 
this  substance  is  continually  in  process  of  formation.     On  the  other 


...Cooj^le 


INTEODUCnON  *  6 

hand,  it  must  not  be  forgotten  that,  bo  far  as  is  actually  known,  all 
living  organisms  have  arisen  only  from  similar  organisms.  So  far  as 
experience  has  shovn,  spontaneouB  generation  is  unknown.  In  olden 
times  it  was  a  common  suppositioD  that  all  nature  itself  was  endowed 
with  nnivenal  life.  According  to  Aristotle,  frogs  and  snakes  sprang 
from  mud  and  slime.  In  the  same  degree  that  knowledge  of  the  actual 
development  of  living  organisms  was  extended,  the  previously  accepted 
cases  of  spontaneous  generation  became  more  and  more  restricted,  and 
were  finally  limited  to  intestinal  worms  which  could  not  otherwise,  it 
was  thought,  be  accounted  for,  and  to  microscopic  organisms  the 
origin  of  which  was  also  not  understood.  Now,  for  such  organisms 
the  possibility  of  a  spontaneous  generation  has  been  disproved  by  more 
modem  investigations :  the  history  of  the  development  of  intestinal 
worms  is  known,  and  the  germs  of  organic  life  have  been  found  to  exist 
everywhere.  Schwann  and  Pasteur  have  been  pioneers  in  this  work, 
and  have  shown  that'it  is  possible  to  hinder  the  development  of  the 
lower  organisms,  in  places  where  it  is  customary  to  find  them,  by 
destroying  all  existing  germs  and  at  the  same  time  preventing  the 
entrance  of  new  ones.  It  is  due  to  the  results  obtained  by  these 
men  in  their  investigations  on  spontaneous  generation  that  we  are  now 
able  to  preserve  food  in  a  scientific  manner.  The  germs  previously 
existing  in  the  substance  to  be  conserved  are  destroyed  by  heat, 
while,  by  a  proper  mode  of  sealing,  the  entrance  of  new  germs  is 
rendered  impossible,  and  the  decomposition  which  their  presence  would 
occasion  is  accordingly  prevented. 

All  known  living  organisms  have  been  derived  from  other  living 
organisms.  The  attempt  to  relegate  spontaneous  generation  to  an  un- 
known field,  and  to  admit  the  origin  of  living  from  dead  substances, 
has  on  the  other  hand  derived  support  from  the  progress  of  chemical 
research.  In  the  early  decades  of  the  present  century  it  was  customary 
to  draw  a  distinct  line  of  separation  between  organic  and  inorganic 
chemistry,  and  to  assume  that  the  substances  dealt  with  by  organic 
chemistry  could  only  be  produced  by  the  vital  action  of  organisms. 
The  laws  governing  inorganic  chemistry  appeared  to  have  no  refer- 
ence to  organic  chemistry,  the  formation  of  organic  substance  being 
due  to  a  special  force,  the  "life  force."  In  1S28  Wohler  obtained 
nrea  from  ammonium  cyanate,  and  thus  for  the  first  time  produced 
an  organic  compound  from  an  inorganic  substance.  In  1845 
KoLBE  completely  synthesised  trichloracetic  acid,  and  in  1850 
Berthelot  synthesised  alcohol  and  formic  acid.  By  these  results 
the  former  distinction  between  organic  and  inorganic  chemistry  was 
destroyed.  Oi^anic  chemistry  has  become  the  chemistry  of  carbon 
compounds. 

Botany,  or  the  science  of  plants,  may  be  divided  into  a  general  and 
a  special  part  In  the  general  part,  the  structure  and  functions  of 
plants  as  such  will  be  considered  ;  in  the  special  part,  the  particular 
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structure   and   fauctions  of  the   separate   orders  of  plants  will   be 
diBcuased. 

The  study  of  the  structure  of  plootfi  is  called  Morfholoct  ;  that 
of  their  functions  Phtsiologt.  Id  the  geaeral  part,  morphology 
and  physiology  will  be  treated  separately ;  in  the  special  part,  con- 
jointly. 
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MORPHOLOGY 

The  object  of  vegetable  morphology  is  the  scientific  study  of  the  forms 
of  planta.  It  does  not  attempt  to  diacoYer  the  causes  of  the  variation 
in  the  forms,  but  ratter  has  accomplished  its  purpose  when  it  succeeds 
in  stowing  tow  one  form  may  be  derived  from  anotter.  The  basis  of 
morphological  stndy  is,  accordingly,  phylogeny  (p  2).  As  phylogenetic 
development  can  only  be  inferred,  and  cannot  be  directly  followed,  the 
methods  of  morphology  must  also  be  indirect.  They  are  dependent  for 
their  Buccessful  application  upon  ontogenetic  comparison ;  for,  in  the 
ontogenetic  development  (p.  2)  of  a  plants  its  phylogeny  is,  to  a  certain 
extent,  repeated,  so  that,  by  a  comparison  of  transitional  forma,  it  is  often 
possible  to  discover  a  connection  bet^M^)lant8  which  are  apparently 
most  dissimilar.  As,  however,  the  ^^^Bf  of  '*'  plant  is  neither  an 
exact  nor  invariable  repetition  of  its  ^^^Kiy,  and  as  connecting  links 
between  extreme  forms  are  often  waJJU^he  results  of  morphological 
study  are  frequently  imperfect  and  incomplete.  Such  parts  or  mem- 
bers of  plants  which  it  is  reasonable  to  presume  have  had  a  common 
origin  are  distinguished  as  Homologous  ;  those  which,  while  probably 
having  different  origins,  yet  exercise  the  same  functions,  are  termed  m 
Anaiajgods,  Through  the  adaptation  of  diflferent  parts  to  the  same 
function,  a  similarity  in  both  external  form  and  internal  structure  often 
results ;  and  in  this  way  the  correct  determination  of  morphological 
relationships  is  rendered  extremely  difficult.  Only  homologous  parts 
have  the  same  morphological  value.  This  homology  is  determined  by 
the  facts  of  phylogeny  and  origin,  and  not  by  any  correspondence  in 
function.  On  account,  however,  of  the  intimate  relation  existing 
between  the  form  and  function,  and  the  modifying  influence  of 
the  one  upon  the  other,  it  will  be  necessary  in  the  morphological 
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study  of  the  different  members  of  plaDte  to  take  inM  consideration 
their  physiological  signification,  as  organs.  When,  for  phylogenetic 
reasona,  it  seeme  possible  to  attribute  to  a  number  of  different  mem- 
bers a  common  origin,  such  a  hypothetical  original  form  is  termed  the 
fundamental  or  primitive  form  ("  Grundform  "),  The  various  modifica- 
tions which  the  primitive  form  has  passed  through  constitute  ite  MBTA- 
MOSPHOSis.  In  this  way  the  theory  of  the  metamorphosis  of  plants, 
which  was  once  but  an  ideal  conceptioo,  attains  its  true  significance. 

Slightly  differentiated  structures,  which  are  found  at  the  beginning 
of  a  series  of  progressively  differentiating  forma,  are  termed  RUm- 
UENTARY ;  imperfect  structures,  which  have  arisen  as  the  result  of  the 
deterioration  of  some  perfect  forms,  are  termed  beduced. 

Vegetable  morphology  includes  the  study  of  the  external  form  and 
the  internal  structure  of  plants.  The  descriptive  study  qf  the  external 
form  of  plants  has  been  incorrectJy  termed  organography,  for,  by  the 
use  of  the  term  "organ,"  it  would  seem  to  have  a  physiological  signi- 
fication. Morphology  takes  no  recognition  of  the  parte  of  a  plant  as 
organs,  but  treate  of  them  merely  as  members  of  the  plant  body.  The 
study  of  the  internal  structure  of  plante  is  often  designated  Anatomy 
or  Phytotohy  ;  but  as  it  usuaUy  includes  also  the  study  of  the  more 
miuuM  internal  structure,  it  resembles  rather  histology,  in  the  sense 
in  which  that  term  is  used  by  zoologists,  and  concerns  itself  to  a  much 
less  degree  with  anatomy,  properly  speaking.  In  any  case,  it  is  the 
simplest  plan  to  designate  the  study  of  the  outer  forms  External 
MoRFHOLOGT,  and  that  of  the  inner  structure  Internal  Morphology. 
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Plants  show  a  great  ^^^^^V'^  ^^  form  and  arrangement  of 
their  members ;  it  is  the  u^^^Borphology  to  determine  the  points 
of  agreement  existing  bet^|Pnem.  To  do  this,  it  is  necessary  to 
discover  a  common  origin  for  their  similar  but  variously  developed 
members. 

I  The  Development  of  Form  In  the  Plant  Kingdom 

The  Thallus. — The  simplest  form  that  we  can  imagine  for  an 
oi^aniam  is  that  of  a  sphere,  and  this  is  actually  the  form  of  some  of 
the  lower  plants.  The  green  growth  often  seen  on  damp  Walls 
consists  of  an  aggregation  of  the  small  spherical  bodies  of  Gtoeocapsa 
pdydermatica  (Fig.  1),  an  Alga  belonging  to  the  lowest  division  of  the 
vegetable  kingdom.  The  single  plants  of  the  Beer-yeast  {Saccharomgces 
cerevisiae)  are  ellipsoidal ;  hut^  from  their  peculiar  manner  of  growth, 
by  budding,  they  form  lateral  outgrowths,  and  thus  often  ai^)ear 
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coDsteicted  (Fig.  2).  CyUndrical  and  also  disc -shaped  forms  are 
common  to  varioas  AJgae.  The  Diatomeae  (Fig.  3),  in  particular, 
furnish  a  great  variety  *— .    ^ 

of  spindle,  canoe,  helmet,  /gy  j^  ^ 
and  fan-like  shapes ;  but  '^  ^  ^ 
they  may  all  be  derived  ' 

from    the    more   simple  ''"';J;~;^°^"^ 
spherical,    discoidal,    or      witnoui  buds';  i>n<i 
cylindrioat  forms.     The      s.  bnddiDg  teii*.  (x 
Bactmia,  which,    as    the       ""■' 
cause  of   contagious  diseases   and   of  de- 
position, have  been  the  object  of  so 
"fdiTi^l^;  niuch  recent  investigation,  also  exhibit  a 
TiitcHi;  c,  1  great  diversity  of  form.     A  small  quantity 
liter  lUge.  (x6«.)  ^^  jjjp  ^hite  deposit  on  teeth  will  furnish 

examples  of  spherical,  rod-like,  fibrous,  and  spiral  bacteria  (Fig.  4). 
ingle   species  several   of 


mpn   folydrrmoHai. 


(hDrtljr   liter  dlrlito 


In  the  course  of  the   development  of   : 


these  different  forms  frequently  occur.  The  next  stage  in  the  pro- 
gressive development  of  external  form  in  the  vegetable  kingdom 
is  exhiUted  by  such  plants  as  show  a  differentiation  into  apex 


AND  BASE.  The  base  serves  &s  a  point  of  attachment,  while  growth 
IB  localised  at  the  apex.  In  this  way  a  growing  point  is  developed 
at  the  apex.  As  an  example  of  such  a  form,  a  young 
plant  of  the  green  Alga,  Ulva  Laduca  (Fig.  5),  may  be 
taken.  The  development  of  a  more  complicated  external 
form  is  represented  by  tbe  branched,  filamentous,  or 
band-shaped  Algae,  in  which  the  origin  of  new  formations 
is  more  and  more  restricted  to  the  apex.  An  acro- 
PETAL  order   of   development,   in  which   the   youngest 
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lateral  members  are  always  nearest  the  growing  apex,  ia  clearly 
demonstrated  by  the  branched  filaments  of  the  common  green  Alga, 
Cladophora  glonUrata  (Fig.  6).     Still  more  pronounced  is  the  apical 
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growlh    in    the    brown   aea-weed    CLtdosiepkus    verliciUaius    {Fig.    7). 

The  great  variety  in    the  form  of  the  lai^er  Fungi    and    Liche&a, 

by   which    they  are   distinguiBhed    as   club-,   umbrella-^   salver-,   or 

bowl-ehaped,  or  as  bearded 

or  shrub-like,  ia  due  to  the 

onion    op    intertwining   of 

apically  growing  filaments. 

This    manner    of    develop- 
ment  is  limited  to  Fungi 

and     Lichens.      In     other 

cases,    the   more   complete 

segmentation  exhibited    by 

the     lower     plants    reaulta 

from  the  differentiation   of 

independently       branching 

filaments  and  hands. 

As  the  apex  itself  may  ""'■  s-'«<*»»ta ''*^*»^™'-   « ■"'- »'»-) 

undeigo  successive  modifications  through  continuous  bifurcation,   as 

in  the  case  of  Dictt/ota  didudoma  (Fig.  8),  it  does  not  always 
necessarily  follow  that  the  for- 
mation of  new  members  must 
proceed  directly  from  the  ori- 
ginal apex.  The  highest  de- 
gi'ee  of  external  differentiation 
among  the  lower  plants  is  met 
with  in  the  group  of  the  red 
sea-weeds  {Efwd/^hyceae).  Many 
representatives  of  this  class  re- 
semble the  higher  plants  in  the 
formation  and  arrangement  of 
their  members ;  Hydrvldpathum 
san^uijteum  (Fig.  9),  for  ex- 
ample, as  is  indicated  by  its 
name,  has  a  strong  resemblance 
to  a  species  of  Rwmex,  and  affords 
a  remarkable  illustration  of  the 
-  analogy  of  form  existing  be- 
tween plants  phylogenetically 
unconnected.  On  account  of  a 
supposed  phvlogenetic  connec- 
tion between  the  lower  plants, 
they  have  been  collectively' de- 

Fio.  B.-Hyrf™tij»(Su«wivmFKUiii,    (|  nal,  aiie,)     sigUatcd    THALLOPHYTK-S,  while 

the  body  of  the  individual 
organisms,  having  neither  true  leaves  nor  stem,  is  referred  to  as  a 
THAiJ^tra     In  contrast  to  the  thallus,  the  body  of  the  higher  plants, 
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with  its  BegmeDtation  into  stem  And  leaves,  is  frequently  termed  a 
CORMUS,  and  the  plante  themselves  Cormophytes.  To  the  Cormo- 
phytes  belong  all  plants  from  the  Mosses  upwards. 

Transition  from  the  Thalliis  to  the  Cormus. — The  lowest  division 
of  the  Bryophytes,  the  Liverworts  {Hepatkae),  although  in  many  cases 


possessing  thalloid  bodies  without  any  segmentation  into  members, 
contain  also  forma  with  the  same  differentiation  into  stem  and  leaves 
as'  the  higher  plants.  As  between  these 
two  extremes  there  may  be  found  transi- 
tional forme,  this  class  of  plants,  accord- 
ingly, alTords  valuable  assistance  in  the 
pfaylogenetic  study  of  the  development  of 
higher  plants.  A  few  examples  will  best 
illustrate  these  stages  of  ditferentiation 
exhibited  by  the  Hejxiticae.  The  bifur- 
cately  branching  thallus  of  Rmia  fiuitam 
(Fig.  10)  is  flat  and  ribbon-like,  and  in 
its  general  appearance  resembles  the 
thallus  of  the  previously  mentioned  brown 
Alga,  DkfijoUi  dicltokmia  (Fig.  8).  A  more 
advanced  development  is  shown  by  Blasm 
pusillti  (Fig.  11),  which  has  incisions  in 
the  sides  of  its  ribbon-like  body.  The 
lobes  thus  formed  by  the  lateral  incisions, 
as  is  shown  by  comparison  -with  other 
■■.:»S«i;»mr"»r.:«"  ■»»"  W^lly  di«;«r.nti;.ted  m^U^e.  and 
also  by  the  study  of  their  development, 
are  properly  to  be  regarded  as  rudimental  leaves.  Finally,  in  PJagio- 
chiia  asplenioidea  (Fig.  13),  with  alternating  ovate  leaves  and  elongated 
fibrous  stems,  the  segmentation  into  stem  and  leaf  is  complete. 

The  C»rmus. — With  the  segmentation  into  stem  and  leaf,  the 
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monosj'mmetrica),  doraiventral  foliage  leaf  is  diagrammatically  repre- 
seDted.  From  the  surface  view  (A)  and  from  the  crosa-section  (B), 
in  which  the  distinction  between  the  dorsal  aod  ventral  sides  is  in- 
dicated by  shading,  it  is  obvious  that  but  one  plane  of  symmetry 
{.'')  can  be  drawn.  As  the  zoologists  often  term  this  degree  of 
sj-mmetry  BILATERAL,  the  same  term  is  frequently  employed  with 
reference  to  plants. 

Brancb  Systems 

Thallophytes  as  well  as  Cormopliytes  exhibit  systems  ,of  branching, 
resulting  either  from  the  formation  of  new  growing  points  by  the 
bifurcation  of  a  previously  existing  growing  point,  pr  from  the  develop- 
ment of  new  growing  points  in  addition  to  those  already  ]>re8ent.  In 
thja  way  there  are  produced  two  systems  of  branching,  the  Dli.HOTO- 
Mors  and  the  sfoSopdO'lAL.  By  the  uniform  development  of  a  continu- 
ously bifurcating  stem,  a  typical  dichotomous  system  of  branching  is 
produced,  such  as  is  shown  in  DiclyoUi  didwi'mia  ^{Fig.  8).  In  a 
typically  developed  example  of  the  moiiopodial  system  there  may 
always  be  distinguished  a  main  axis,  the  MONOPODIUM,  which  gives  ■ 
rise  to  lateral  branches  from  which,  in  turn,  other  lateral  branches- 
are  developed.  A  good  example  of  this  form  of  branching  is 
afforded  by  a  Fir-tree,  Where  one  of  the  two  branches  is  regularly; 
developed  at  the  expense  of  the  other,  the  dichotomous  system 
assumes  an  appearance  quite  different  from  its  typical  form.  The 
more  vigorous  branches  may  then,  apparently,  form  a  main  axis, 
from  which  the  weaker  branches  seem  to  spring,  just  as  if  they' 
were  lateral  branches.  This  mode  of  brancVing  is  illustrated  by 
the  Selaginellae  (Fig.  351).  Such  an  apparent  main  axis  is  termed,  in 
accordance  with  its  origin,  a  Sym- 
PODHJ^L  On  the  other  hand,  in  th"e~' 
monopodial  system  two  or  even 
several  lateral  branches  may  develop  , 
more  strongly  than  the  main  axis,  and 
so  simulate  true  dichotomy  or  POLY- 
TOM  Y.  Such  monopodial  forms  of 
branching  are  referred   to   as   falie 

DICHOTOMY    or    FALSE    POLYTOMV,    as 

the  case   may  be.      A  good   examjjle 
of  false  dichotomy  may  be  seen  in  the 

Mistletoe    (Vismm    alhviii.    Fig.    16).  'fsisedichotoTuyriiijatsizo!)" " 

If,  however,  a  lateral   branch  so  ex- 
ceeds the  main  axis  in  development  that  it  seems  ultimately  to  become 
a  prolongation  of  the  axis  itself,  a  aym|)odium  is  again  formed.      This 
is  exactly  what  occurs   in  the  Lime  and  Beeeh ;  in  both   of   these 
ttees  the  terminal  buds  of  each  year's  growth  die,  and  the  pi'olonga- 
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tion  of  the  stem,  in  the  following  spring,  is  continued  by  a  strong 
lateral  bud,  so  that  in  a  short  time  iu  sympodial  origin  is  no  longer 
recognisable.  In  moat  rhizomes,  on  the  other  hand,  the  synipodial 
nature  of  the  axis  can  be  easily  distinguished ;  as,  for  example,  in  the 
rhizome  ot  Fdt/gonnt II III  mttUifioruin  (Fig.  21),  in  which,  every  year,  the 
terminal  bud  gives  rise  to  an  aerial  shoot,  while  an  axillary  bud  pro- 
vides for  the  continuance  of  the  axis  of  the  rhizome.  In  the  flower- 
producing  shoots  or  inflorescences  of  Phanerogams  the  different 
syBteras  of  branching  assume  very  numerous  forms.  These  will  be 
more  fully  described  in  their  proper  place.  To  such  inHorescences 
belong  the  ventrally  coiled  dorsiventral  shoots,  which  produce  new 
shoots  from  their  convex  dorsal  surfaces,  instead  of  in  their  leaf-axils. 


The  Shoot 

The  Development  of  the  Shoot — Under  the  term  shoot  a  stem  and 
its  leaves  are  collectively  included.  A  stem  possesses  an  apical  mode 
of  growth  (Fig,  17),  and  its  unprotected  growing  point  is  described 
as  naked,  in  contrast  to  that  of 
the  root  with  its  sheathing  root> 
cap.  The  apex  of  the  shoot  gener- 
ally terminates  in  a  conical  pro- 
tuberance, designated  the  VEGE- 
TATIVE CONE.  As  it  is  always 
too  small  to  be  visible  to  the 
unaided  eye,  it  is  best  seen  in 
m  agnized  median  longitudinal 
sections.  So  long  as  the  apex  of 
the  shoot  is  still  internally  un- 
differentiated, it  continues  in  em- 
bryonic condition,  and  it  is  from 
the  still  embryonal  vegetative 
cone  that  the  leaves  take  their 
origin.  They  first  appear  in 
acropetal  succession  as  small, 
Fi6.  17.— Apes  nf  «  .iioot  of  a  jiiianfrognniic   conical  protuberanccs,  and  attain 

lilant.     r,  Ve^Uttvf  cone;/,  leaf niiMmeiit;        ,  ■        .1       r     .L  j 

s.iudiiiiMiofaii.iiiiao-bu.i.  (x  10.)  a  larger  size  the  further  removed 

they  are  from  the  apex  of  the 
stem.  As  the  leaves  usually  grow  more  rapidly  than  the  stem  which 
produces  thera,  they  envelop  the  more  rudimentary  leaves,  and  over- 
arching the  vegetative  cone,  form,  in  this  manner,  a  bud.  Buds 
are  therefore  merely  undeveloped  shoots.  If  they  are  to  rera.iin 
for  a  long  time  undeveloped,  as  for  example  is  the  case  with  winter 
buds,  they  are  protected  in  a  special  manner  during  their  period  of 
rest. 
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The  OFigrln  of  New  Shoots,— The  formation  of  new  growing  points 
by  the  bifurcation  of  older  pcunts  of  growth,  in  n  manner  similar  to  that 
already    described   for    Dktijota    dickoloma  __ 

(Fig.  8),  occurs  also,  id  almost  typical  form, 
in  the  lower  thalloid  Hepaticae  (likcia 
fiuilans.  Fig.  10).  Among  the  Cormophytes 
this  method  of  producing  new  slioots  is  of 

less     frequent     occurrence,     and     is    then  I 

mainly  limited  to  the  Pteridophytes,   for  j 

one  division  of  which,  the  Lyeopodwceae,  it  M 

is  characteristic.     In  this  case,  whenever  a  i 

shoot  is  in  process  of  bifurcation,  two  new 
vegetative  cones  are  formed  by  the  division 
of  the  gi'owing  point  {Fig.  18).  In  most 
of  the  Lycopodiaceiie  the  new  shoots  thus 

formed  develop  unequally ;  the  weaker  ^^^  is.-Ltipgitii.iiuiii  Mewm  of  a 
becomes  pushed  to  one  side  and  ultimately  birurcniing  xiiaut  t,p)  or  lya,- 
appears    as    a    lateral    branch    (Fig.    19).       I"''""'  "'?'""».  -howing  un- 

}y,  ,  I      ■        1  .  J  '  wi"!  Jev-clopiuMt  of  tlw  nidi- 

Although  a  rvlationabip  as  regards  posi-  mentary  iboou,  j>', /i";  t,  i«r 
tion  is  generally  apparent  between  the  mdiininiM :  e.  tortex ;  /,  i-ueniir 
origin  of  leaves  and  the  latflral  shoots,  in  *^^V'  '*""  Heoelhaikb, 
the  system  of  branching  resulting  from  such 

a  bifurcation  of  the  vegetative  cone  this  connection  does  not  exist. 

In  the  more  highly  developed  Bryophytes,  particularly  in  the  true 

Mosses,   new   shoots    arise    obliquely  below  the 

i  ^^^^^  still  rudimentary  leaves  at  some  distance  from 

L^^B3^        the  growing   point.      In  the  Phanerogams  new 

M|^|^Hh^£    shoots  generally  arise  in  the  axils  of  the  leaves. 

i^^^^^K^^f~^    In   the    accompanying    illustration    of    a    longi- 

I  tudinal  section   of  a  phanerogamic  shoot   (Fig. 

"  17)  the  rudiment  of  a  shoot  (3)  is  just  appear- 

(■■i.i.  m.-BifurwiinK  shoot  ing  in  the  axil  of  the  third  uppermost  leaf;  in 

^.M°l  ^^^BgZa""ai  ^^^  ^''''*  **^  ^^^  "^"^  °^^^''  l^*^^^*   the  conical 
.levfiopiiimtof  Ike  mdi-  protuberances    of    the    embryonic    leaves     are 
iiwiicary  "bwu,  )/,  p";  already  beginning  to  appear  on  the  still  rudi- 
HE^Ji'iiiB,  X  «)    "  mentary  shoot.      These  rudimentary  shoots  may 
either  continue  to  develop,  or  they  may  remain 
for  a  time  in  an  embrj'onic  condition,  as  buds.      Shoots  thus   pro- 
duced in  tbe  axils  of  Itaves  are  termed  axillary  shoots.     The  leaf 
in  the  axil  of  which  a  shoot  develops  is  called  its  subtending  leaf. 
An  axillary  shoot  is  usually  situated  in  a  line  with  the  middle  of  its 
subtending  leaf,  although  it  sometimes  becomes  pushed  to  one  side. 
As  a  nde,  only  one  shoot  develops  in  the  axil  of  a  leaf,  yet  there  are 
instances  whei-e  it  is  followed  by  additional  or  accessory  shoots,  which 
either  stand  over  one  another  (serial  buds),  as  in  tmikera,  GkditKhia, 
Gi/mnodadiig,  or  side  by  side  (collateral  buds),  as  in  many  Lilvccme. 
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Altliough  in  the  vegetative  regions,  i.e.  the  regions  in  irhlch  merely 
vegetative  organs  are  produced,  the  rudiments  of  the  new  shoots  of 
phanerogamic  )>Unts  make  their  appearance  much  later  than  those  of 
the  leaves,  in  the  generative  or  flower-producing  regions  the  forma- 
tion of  the  shqots  follows  directly  upon  tliat  of  their  subtending  leaves, 
or  it  may  even  ]irecede  them.  In  this  last  case  the  subtending  leaves 
are  usually  either  poorly  developed  or  completely  suppressed,  as  in  the 
inflorescence  of  the  Crunferae,  in  which  a  series  of  phylogeiietic  changes 
has  probably  led  to  this  result. 

Shoots  developing  in  definite  succession  from  the  growing  points  of 
other  shoots  are  designated  NORMAL,  in  contrast  to  AU^EXllTlOUS 
SHOOTS,  which  are  produced  irregularly  from  the  older  portions  of  a 
plant.  Such  adventitious  shoots  show  no  definite  arrangement,  and 
frequently  spring  from  old  stems,  also  from  the  roots  of  herbaceous 
plants  (Ani.vicu  oleraeeii.  Anemone  sijh-estris,  Conmlndus  arrensis,  llumer 
AcftoseUu),  or  of  bushes  {Hii/tus,  Bosu,  Corylus),  or  of  trees  {Poinilus, 
Ulmus,  Jtuhima),  or  they  may  develop  even  from  leaves,  particularly 
from  the  fronds  of  Ferns.  An  injurj'  to  a  plant  will  frequently  induce 
the  formation  of  adventitious  shoots,  and  for  this  reason  gardeners 
often  make  use  of  pieces  of  stems,  rhizomes,  or  even  leaves  as 
cuttings  from  which  to  produce  new  plants.  A  leaf  of  a  Begonia 
merely  placed  upon  damp  soil  will  soon  give  rise  adventitiously  to 
new  plants. 

Leaves  and  also  normal  shoots,  which  make  their  appearance  as 
outgrowths  from  the  portions  of  the  parent  shoot  still  in  embryonic 
condition,  have  an  external  or  EXtiGKXOi.s  origin.  Adventitious  shoots, 
on  the  other  hand,  which  arise  from  the  older  parts  of  stems  or  roots, 
are  almost  always  ENKogknous.  They  must  jienetrate  tlie  outer 
[wrtions  of  their  jiarent  shoot  before  becoming  visible.  Adventi- 
tious shoots  formed  on  leaves,  however,  arise,  like  normal  shoots, 
exc^enouslj'. 

The  further  Derelopment  of  the  Shoot. — AH'  normal  shoots 
are  dependent  for  their  origination  iipon  the  embryonic  substance 
of' the  growing  point  of  the  parent  shoot;  even  whpn  they  make 
their  appearance  at  some  distance  from  the  growing  apex  (Fig.  17), 
embryonic  substance  has  been  reserved  at  that  point  for  their  forma- 
tion. The  growing  points  ot  adventitious  shoots  are  also,  for  the  most 
part,  produced  from  tissue  which  has  retained  its  embryonic  condi- 
tion in  the  older  portions  of  the  i>lant.  In  some  cases,  ho*ever,  tliey 
arise  from  newlj'-dev eloped  growing  [joints,  and  afford  evidence  of 
the  power  inherent  in  plants  to  return  to  an  embryonic  state  and 
produce  new  growing  points.  The  processes  of  development  which 
i-esult  in  the  production  of  new  segments  at  the  ayiex  of  a  shoot  are 
followed  by  an  increase  in  size  and  by  the  further  growth  of  the 
segments.  This  gi-owth  is  usually  introduced  by  the  vigorous  elonga- 
tion of  the  segments,  by  means  of  which  their  rapid  unfolding  from 
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the  bud  is  brought  about.  The  region  of  strongest  growth  in  a 
shoot  is  always  at  some  distance  from  its  growing  point. 

The  growth  in  length  and  consequent  elongation  of  the  shoot  is  in 
some  cases  so  sliglit  that  the  leaves  remain  close  togetlier,  and  leave 
no  free  spaces  on  the  stem,  thus  forming  so  called  dwarf  shoots.  As 
examples  of  such  dwarf  shoots  may  be  mentioned  the  thickly-clustered 
needles  or  fascicled  leaves  of  the  Larch,  the  rosettes  formed  by  the 
fleshy  leaves  of  the  Housc-leek  (Sevijtarirum),  and  also  the  flowers  of 
Phanerogams  with  their  thickly-crowded  floral  leaves.  In  the  ordinary 
or  EIX)NiiATED  SHOOTS,  such  as  are  formed  in  the  spring  by  moat 
deciduous  trees,  the  portions  of  the  stem  between  the  insertions  of  the 
leaves  become  elongated  by  the  stretching  of  the  shoot.  The  stem 
'A  a  shoot,  as  contrasted  with  the  leaves,  is  often  spoken  of  as  the 
axis  ;  while  the  (lortions  of  the  stenj  axis  between  the  insertions  of  the 
leaves  are  termed  the  intebnodfs,  and  the  parts  of  the  axis  from  which 
the  leaves  arise  the  nodes.  When  the  base  of  the  leaves  encircles  the 
stem,  or  when  several  leaves  take  their  origin  at  the  same  node,  the 
nodes  become  strongly  marked  (Laliakie). 

In  some  cases  the  growth  in  length  of  a  shoot  continues  for  a 
longer  time  at  certain  intermediate  points  by  means  of  intercalary 
(iROWTH.  Such  points  of  intercalary  growth  are  generally  situated  at 
the  base  of  the  intemodes,  as  in  the  case  of  the  Grasses.  A  displace- 
ment from  the  position  originally  occupied  by  the  members  of  a  shoot 
frequently  results  from  intercalary  growth.  A  bud  may  thus,  for 
example,  become  pushed  out  of  the  axil  of  its  subtending  leaf,  and 
so  apparently  have  its  origin  much  higher  on 
the  st«m  ;  or  a  subtending  leaf,  in  the  course  of 
its  growth,  may  carry  its  axillary  bud  along 
with  it,  so  that  the  shoot  which  afterwards 
develops  seems  to  spring  directly  from  its  sub- 
tending leaf ;  or,  finally,  the  subtending  leaf 
may  become  attached  to  its  axillary  shoot,  and 
growing  out  with  it,  may  thus  appear  to-  spring 
from  it  (Fig.  20). 

Resting  Buds. — As  a  means  of  protectioii, 
buds  may  become  invested,  in  winter,  with 
scale  -  like  leaves  or  BUD  -  SCALE.S,  which  are 
rendered  still  more  effective  as  protective  struc- 
tures by  hairy  outgrowths  and  excretions  of 
resin  and  gum,  and  also  by  the  occun-ence  of 

air-spaces.  Not  infrequently  the  subtending  ^^f,"  jxiiiKiy  Kboot"  (nj 
leaf  takes  part  in  the  protection  of  its  axillarj'  iwarins  iu  siHrti-iidiiig 
bud,  and  the  base  of  the  leaf-stalk,  after  the  I'^fl^^'^;'"},^^','"),^")"^ '" 
leaf  itself  has  fallen,  remains  on  the  shoot  and 

forms  a  cap-like  covering  for  the  winter  bud.  The  buds  of  tropical 
plants,  which  have  to  withstand  a  dry  period,  are  similarly  protected  ; 
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but  wbere  the  rainfall  is  evenly  distributed  throughout  the  year 
buds  develop  no  such  means  of  protection. 

Many  of  the  decirluoiiB  treea  in  Teiuperate  regioiia  aro  inclined  to  unfold  their 
winttr  buda  in  the  same  vejjetative  period  in  wliicli  they  are  prodnced.  Thia 
tendency  is  jerticularly  nwrked  in  the  Oak,  and  results  in  the  development  of  a 

All  the  buds  of  a  plant  do  not  develop ;  there  are  numerous  deciduous  trees— 
such  as  the  Willow,  in  ivhich  the  terminal  buds  of  the  year's  growtli  regularly  die. 
Sometimes  buds,  usually  the  first-formed  buds  of  eaoh  year's  shoot,  seem  able  to 
remain  dormant  during  many  years  without  losing  their  vitality  ;  these  are  termed 
DOKliAST  BCSN.  In  the  case  of  the  Oak  or  Beech  such  latent  buds  can  endnre 
for  hundreds  of  years  ;  in  the  meantime,  by  the  elongation  of  their  connection  with 
the  stem,  tliey  continue  on  its  surface.  Often  it  is  these,  rather  than  adventitious 
buds,  which  give  rise  to  the  new  growths  formed  on  older  parts  of  stems.  It  may 
sometimes  happen  that  the  latent  buds  lose  their  connection  with  the  woody  ]iarts 
of  their  parent  stem,  but  nevertheless  grow  in  thickness,  and  develop  their  own 
wood  ;  they  then  form  remarkohle  aiiherical  growths  within  tlie  bark,  which  may 
attain  the  sixe  of  a  hen's  egg  and  can  be  easily  sejiarated  from  the  surrounding 
bark.     Such  globular  shoots  are  frequently  lound  in  Beech  and  Olive  tives. 

The  Metamorphosis  of  the  Shoot. — The  bulbils  and  gemm.£, 
which  become  separated  from  their  parent  plant  and  serve  as  a  means 
of  reproduction,  are  special  forms  of  modified  buds.  Tliey  are  always 
well  supplied  with  nutritive  substancea,  and  are  of  a  corresponding 
size.  Many  plants  owe  their  specific  name  to  the  fact  that  they  produce 
such  bulbils,  as,  for  example,  Lilmm  btdHferum  and  DeiUaria  hidbifera. 

Shoots  that  live  underground  undergo  characteristic  modifications, 
and  are  then  termed  boot-stocks  or  bhizosies.    By  means  of  such  sub- 
terranean shoots  many  perennial  plants  are  enabled  to  persist  through 
the  winter.     A  rhizome  develops  only  modified  leaves  in  the  form  of 
larger  or  smaller,  sometimes  scarcely  visible,  scales.     By  the  presence 
of  such  scale  leaves  and  by 
its  naked  vegetative  cone, 
aa  well  as  by  its  internal 
structure,  a   rhizome  may 
be    distinguished    from    a 
root.        Rhizomes     usually 
produce    numerous    roots ; 
bi)t   when  this  is   not  the 
case,    the    rhizome     itself 
functions  as  a  root.      Bhi- 
n«.3i.-Bi,i«>,«enffWwpw„™,„«»,>r.,„.   „.  Bu,!  of  zptnes  of ten   attain  a   con- 
>ie\i  >'i^nr'»  srrui]  gniwtii:  b.  scar  of  this  yeir'».  anil  Biderable     tbickness     and 

r,i(,r.iMaira  .If  thrwiirecfdiiiKJ-eani' aerial  growth:  k,    store  lip  nutpitlve  material 

""        ""  ■ '  for  the  formation  of  aerial 

shoots.  In  the  accompanying  illustration  (Fig.  21)  is  shown 
tlie  root-stock  of  the  so^jalled  Solomon's  Seal  {Foli/ffomiluiit  multi- 
fiomm).     At  (/  and  c  are  seen  the  scars  of  the  aerial  shoots  of  the 
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two  pi-eceding  years ;  and  at  h  may  be  seen  the  base  of  the  stem 
growing  at  the  time  the  rhizome  was  taken  from  the  ground,  while  at 
«  is  ehown  the  bud  of  the  next  year's  aerial  growth.  The  rhizome  of 
Coralliorrhica  imiala,  a  saprophytic  Orchid,  affords  a  good  example  of  a 
root-stock  functioning  as  a  root  (Fig.  22).  Bui.bs,  also,  belong  to  the 
class  of  metamorphosed  shoots.  They  represent  a  shortened  shoot 
with  a  flattened,  discoid  stem  (Fig.  23,  ;t),  the  fleshy  thickened  scale 


leaves  (ss)  of  which  are  filled  with  reserve  food  material.  The  aerial 
growth  of  a  bulb  develops  from  its  axis,  while  new  bulbs  ai-e  formed 
from  buds  (i)  in  the  axils  of  the  scale  leaves.  Another  form  of 
underground  shoot,  allied  to  bulbs  and  connected  with  them  by 
transitional  forma,  is  distinguished  as  a  tuijer.  The  axis  of  a  typical 
tuber,  in  contrast  to  that  of  a.  bulb,  is  fleshy  and  swollen,  functioning 
as  a  reservoir  of  reserve  material,  while  the  leaves  are  thin  and  scaly. 
Of  such  tubers  those  of  the  Meadow  Saffron  {Colchicum  aulummle)  or 
of  Croats  sativm  are  good  examples.  In  the  Meadow  Saffron  new 
tubers  arise  from  axillary  buds  near  the  base  of  the  modified  shoot, 
but  in  the  Crocus  from  buds  near  the  apex.  In  consequence  of  this,  in 
the  one  case  the  new  tubers  appear  to  grow  out  of  the  side,  and  iu  the 
other  to  spring  from  the  top  of  the  old  tubers.  The  tubers  of  the  Potato 
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(Fig.  24)  or  of  the  Jerusalem  Artichoke  {Helianthvs  Itibeivsm)  are  also 
Bubletranean  shoots  with  swollen  axes  and  reduced  leaves.  They 
are  formed  from  the  ends  of  branched,  underground  shoots  or  runners 
(.stolons)  and  thus  develop  aL  a  little  distance  from  the  parent  plant. 
The  so-called  eyes  on  the  outside  of  a  potato,  from  which  the  next 
year's  growth  arises,  are  in  reality  axillary  buds,  but  the  scales  which 
represent  their  subtending  leaves  can  only  be  distinguished  on  very 
young  tubers.  The  parent  plant  dies  after  the  fotmation  of  the  tubers, 
and  the  reserve  food  stored  in  the  tubers  nourishes  the  young  plants 
which  afterwards  develop  from  the  eyes.      As,  in  their  uncultivated 


state,  the  tubers  of  the  Potato  plant  remain  in  the  ground  and  give 
rise  to  a  lai^c  number  of  new  plants,  it  is  of  great  advantage  to  the 
new  generation  that  the  tubers  are  produced  at  the  ends  of  runners, 
and  are  thus  aejjarated  from  one  anotlier.  Similar  advantages  accrue 
from  surface  runners,  such  as  are  produced  on  Strawberry  plants. 
Surface  runners  also  liear  scale-like  leaves  with  axillary  buds,  while 
roots  are  developed  from  the  nodes.  Tlie  new  plaiitlets,  which  arise 
from  the  axillary  buds,  ultimately  form  independent  plants  by  the 
death  of  the  intervening  portions  of  tiie  nmners. 

Still  more  marked  is  the  modification  experienced  by  shoots  which 
only  develop  reduced  leaves,  but  the  axes  of  which  become  flat  and 
leaf-tike,  and  assume  the  functions  of  leaves.  Such  leaf-like  shoots  are 
called  CI.ADODES  or  phylloc lades.  Instructive  examples  of  such  fonna- 
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tiona  are  furnished  by  Jlmcus  aculeahis  (Fig.  23),  a  small  shrub  whose 
stems  bear  in  the  axils  of  their  scale-like  leaves  (/)  broad,  shnrp-pointed 
cladodes  (cl),  which  have  altogether  the  appearance  of  leaves.  The 
flowers  arise  from  the  upper  surface  of  these  cladodes,  in  the  axils  of 
scale  leaves.  In  like  manner  the  stems  of  the  Opuntias  (Fig.  26)  are 
considerably  flattened,  while  the  leaves  are  reduced  to  small  thorny 
protuberances.  In  this  case  the  juicy  flat  shoots  perform  not  only  the 
functions  of  assimilatory  organs,  hut  also  serve  as  water-reservoirs  in 
time  of  drought.  It  is  possible  that  all  the  leaves  of  a  plant  may 
become  more  or  less  completely  reduced,  \vithoiit  any  marked  change 


occurring  In  the  appearance  of  the  stems,  except  that  they  then  take 
on  a  green  colour ;  this,  for  example,  is  the  case  in  the  Scotch  Broom 
{SjMiriium  scojxirium),  which  develops  only  a  few  quickly-falling  leaves 
at  the  end  of  its  long,  naked  twigs ;  or,  as  in  many  species  of  rushes 
(Juiieus,  Srirpns),  whose  erect,  slender,  wand-like  stems  are  entirely 
leafless  and  at  the  same  time  unbranched.  As  a  rule,  however,  all 
leafless  green  Phanerogams  will  be  found  to  have  swollen  stems,  as  in 
the  varionsly  shaped  Enphorhiae  and  Cudi. 

A  great  reduction  in  the  leaves,  and  also  in  the  stems,  often 
occurs  in  piianerogamic  parasites,  in  consequence  of  their  parasitic 
mode  of  life.  The  leaves  of  the  Dodder  ((,'((.■"■'(/(/,  Fig.  185,  (.)  are 
only  represented  by  very  small,  yellowish  scales,  and  the  stem  is 
similarly  yellow  instead  of  green.      The  green  colour  would,  in  fact. 
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be  superfluous,  ns  the  Dodder  does  not  produce  its  own  nourishment,  but 
derives  it  from  its  liost  plant.  Cusmla  Tn/clii,  one  of  the  moat  fre- 
quent of  these  parasites,  is  often  the  cause  of 
the  large  yellow  areas  frequently  observable 
in  the  midst  of  clover  fields.  In  certain  tropi- 
cal parasites  belonging  to  the  families  Rarest- 
acem  and  Balanopkoraceite,  the  process  of  re- 
duction has  advanced  bo  far  that  the  flowers 
alone  are  left  to  represent  the  whole  plant. 
lliiffiesia  Amoldi,  a  plant  growing  in  Sumatra, 
is  a  remarkable  example  of  this;  its  flowers. 
although  they  are  a  metre  wide,  the  largest 
flowers  in  existence,  spring  directlj'  from  the 
roots  of  another  plant  (species  of  Cisxus). 

A  peculiar  form  of  metamorphosis  is  ex- 
hibited by  some  climbing  plants  through  the 
transformation     of    certain    of  their    shoots 
into  TENDRILS.      Such    tendrils    assist    the 
parent  plant  in  climbing,  either  by  twining 
about  a  support  or  otherwise  holding  fast  to 
it.      The  twining  bifurcated  tendrils  of  the 
Grape-vine,  for  example,  are  modified  shoots, 
and  so  are  also  the  more  profusely  branched, 
hold -fast     tendrils     of    Amjiehpsis     Feitrhii 
Fio.  ^.-A^reu^^i,   v.iu-hii.  (Fig.  27). 
jt,  B,  sw(ii.i«ii.iriis.  (1  nat.         Shoots  may  undergo  a  still  greater  re- 
""*■'  duction  by  their  modification   into  THORNS, 

as  a  defence  against  the  depredations  of  animals.  Of  shoots  modi- 
fied in  this  manner,  the  Black  Thorn  (Pruniis 
s^nosa),  the  White  Thorn  {Crataegvs),  and  the 
Honey  Locust  {Gleilitxdna)  afibrd  instructive 
examples.  The  thorns  are  simple  or  branched, 
hard,  pointed  bodies.  In  GlediUchia  (Fig.  28) 
the  thorns  are  developed  primarily  from  the 
uppermost  of  several  serial  buds ;  while 
secondary  thorns  may  develop  on  older  por- 
tions of  the  stem  from  the  lower  buds  of 
the  series,  and  thus  give  rise  to  clusters  of 
thorns. 

The  most  marked  change  in  the  form  of 
the  shoot,  in  addition  to  the  displacement  and 
union  of  its  different  members,  takes  place  in 
phanerogamic  flowers.    The  shoots  from  which  fio.  as—atmi-iiiora  of  Gicnt- 
flowers   are    developed    are    termed    floral     '['•'"'  'ii"'""'*(«-    (i  n"- 
sm.tOTS,   in    contrast   to  the   FOLIAGE  SHOOTS,      """'' 
the  functions  of  which  are  merely  vegetative.     The  axis  of  the  floral 
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shoot  remains  short  and  becomes  flattened  or  even  depressed  at  the 
tip.  The  vegetative  cone  of  the  rudimentary  flower-hud  also  undergoes 
corresponding  modifications.  The  flora!  leaves,  wliich  spring  from 
the  Horal  axis,  often  grow  together,  and  in  many  cases  become  so  united 
with  the  axis,  that  it  is  only  possible  to  discover  the  diflerent  steps 
of  this  process  hy  means  of  thorough  phylogenetic  and  comparative 
morphological  investigation.  In  most  instances  the  rule  seems  to  hold 
that  axillary  buds  are  not  formed  within  a  flower  except  in  cases  of 
ahnormal  development. 

Shoots  and  their  Order  of  Sequence. — If  the  vegetative  cone  of 
the  primary  axis  of  a  plant,  after  reaching  maturity,  is  capable  of 
reproduction,  a  plant  with  but  one  axis  will  result,  and  the  plant  is 
designated  uniaxial  or  haplocaulescent.  Usually,  however,  it  is  not 
until  a  plant  has  acquired  axes  of  the  second  or  third  order,  when  it  is 
said  to  be  DiPLOC'AULESCENT  or  TRIPLOCAULESCKNT,  or  of  the  Jith  order, 
that  the  capacity  for  reproduction  is  attained.  A  good  illustration  of 
a  plant  with  a  single  axis  is  afl'orded  by  the  Poppy,  in  which  the  first 
shoot  produced  from  the  embryo  terminates  in  a  flower,  that  is,  in 
that  organ  of  Phanerogams  which  gives  rise  to  the  embryonic  germs. 
Aa  an  example  of  a  plant  with  a  triple  axis  may  be  cited  the  common 
Plantain,  Planiago  major,  whose  primary  axis  produces  only  foliage  and 
scale  leaves ;  while  the  secondary  axes  give  rise  solely  to  bracteal 
leaves,  from  the  axils  of  which  finally  spring  the  axes  of  the  third  order, 
which  terminate  in  the  flowers.  In  the  case  of  trees,  only  shoots  of 
the  nth  order  can  produce  flowers. 

The  Habit  or  General  Aspect  of  Plants  is  dependent  upon  their 
origin,  mode  of  growth,  and  duration,  and  upon  the  peculiar  develop- 
ment of  their  branch  systems.  Cormophytes  which  develop  herbace- 
ous aerial  shoots,  and  persist  only  so  long  as  is  requisite  for  the 
development  and  ripening  of  their  fruit,  be  it  one  or  several  vegetative 
periods,  are  called  HERBS.  Herbaceous  plants,  however,  which, 
although  annually  dying  down  to  the  ground,  renew  their  existence 
each  year  by  means  of  new  shoots  produced  from  underground  shoots, 
rhizomes,  or  roots,  are  further  distinguished  as  perknkials  or  perennial 
herbs.  Shrubs  or  trees,  on  the  other  hand,  have  woody,  persistent 
shoots,  which  bear  fruit  repeatedly.  Shrubs  retain  their  lateral  shoots, 
so  that  their  branches  are  formed  near  the  ground;  trees,  on  the 
contrary,  soon  lose  their  lower  lateral  branches,  and  have  a  main  stem 
or  trunk,  which  bears  a  crown  of  branches  and  twigs. 

In  catslogiieB  and  descrititianti  of  plants  tlio  duration  of  the  period  of  f(ro\vth 
is  usunlty  expreas^il  hy  agiecial  symbols :  tlius  ^  indirnte^  an  annual ;  Q  a  biennial, 
sod  1  a  perennial  herli  ;  h  i.i  employed  to  designate  Iwth  trees  aud  shrubs,  and 
for  trees  the  signg  is  also  in  n.-e. 
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The  Stem  or  Axis  of  the  Shoot 

According  &a  the  axis  of  a  shoot  remains  herbaceous  or  becomes 
hard  and  lignified,  a  distinction  is  drawn  between  an  herbaceous 
and  a  woody  stem.  A  long  leafless  shoot  arising  from  a  rosette  of 
radical  leaves  and  producing  only  flowers  is  called  a  SCAPE.  The 
hollow  jointed  stems  of  the  Gniiiiineiie  are  termed  grass-haulms, 
and  should  be  distinguished  from^  the  similar  stems  or  haulms  of  the 
Jiinrarfae  and  Cijperweae,  which  are  imjointed  and  filled  with  light 
porous  pith.  Plants  with  short  swollen  stems,  being  apparently  stem- 
less,  arc  described  us  ACAULf^iC'ENT.  The  actual  stem  of  such  acaul- 
escent  plants  may  be  thickly  clothed  with  leaves  throughout  its  entire 
length,  as  in  the  case  of  the  Agate,  or  it  may  bear  leaves  only  at  its 
apex,  as  in  the  Cydamea.  Stems  are  also  distinguished  as  round, 
elliptical,  angular,  etc.,  according  to  their  appearance  in  cross-section. 


The  Leaf 

Development  of  the  Leaf. — The  first  appearance  of  the  leaf  as  a 
lateral  protuberance  (Fig.  17,/)  on  the  vegetative  cone  of  the  shoot 
has  already  been  referred  to  (p.  18).  In  a  transverse  section 
through  the  apex  of  a  shoot  (Fig.  29),  the  origin  of  leaves  ns  lat«ral 
protuberances  is  more  evident  than  in  a  longi- 
tudinal section.  The  embryonic  leaf  nidiment 
generally  occupies  but  a  small  portion  of  the 
periphery  of  the  vegetative  cone ;  it  may,  how- 
ever, completely  invest  it.  In  like  manner, 
when  the  mature  leaves  are  arranged  in  whorls, 
tlie  developing  protuberances  of  the  rudimentary 
leaves  may,  although  this  is  not  usually  the  case, 
form  at  first  a  continuous  wall-like  ring  around 
the  growing  point ;  and  only  give  rise  later  to 
the  separate  leaf  rudiments.  Leaves  take  their 
origin  only  from  such  parts  of  a  plant  as  have 
remained  in  an  embryonic  condition.     To  this 

n<i,  HI.— Anicni  view  oi  ipc         .      ,,_  ..  i      ,      r 

vesetmtivBconeoiashcmt  ™'s  there  are  no  exceptions,  A  leaf  never 
of  Eniianv  japoidcii,.  arises  directly  from  the  older  parts  of  a  plant. 
'"  '^**  In  cases  where  it  apjiarently  does  so  its  develop- 

ment hasbeen  preceded  by  the  formation  of  a  growing  point  of  a  new 
shoot.  When  it  first  appears  on  the  vegetative  cone  a  rudimentary 
leaf  resembles  an  embryonic  shoot,  but  a  difference  soon  manifests 
itself,  and  the  shoot  rudiment  develops  a  vegetative  cone  and  lateral 
protuberances  for  the  formation  of  leaves.  The  growing  point  of 
a  shoot  has  usually  an  INLIMITED  GROWTH,  while  the  growth  of  a 
leaf  is  LIMITED.     A  leaf  usually  continues  to  grow  at  its  apez  for  a 
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short  time  only,  and  then  completes  its  segmentatioa  and  develoj)- 
ment  by  int^rcalarj'  growth.  It  is  true  that  some  leaves,  as  those  of 
Ferns,  not  only  coiftinue  growing  for  a  long  time,  but  also  retain 
a  continuous  apical  growth  and  complete  tlieir  whole  segmentation  in 
acropetal  succession.  On  the  other  band,  the  leaf-like  cladodes, 
although  tbey  are  in  reality  metamorphosed  shoots,  exliibit  a-  limited 
apical  growth  like  that  of  ordinary  leaves. 

Leaving  out  of  consideration  the  Ferns  and  n  few  related  plants,  the 
following  ol>servations  in  regard  to  the  development  of  the  leaf  hold 
good  for  the  majority  of  Cormopliytes.      The  unaegmented  protuber- 
ance of  the  still  rudimentary  leaf,  termed  by  Eichler  the  PUlMoitDlAL 
LEAF    <Fig.  30,  A,  b),   first 
projects  from  the  vegetative 
cone    of   the  shoot   (A,  v). 
This   is  usually  followed  by 
a  separation  of  the  primor- 
dial    leaf    into    the    LEAF-  J 
BASE    (n  in  A  and  B)  and    "  3  ^ 
the  rudimentary  lamina  or 
UPPER  LEAF  {o  in  A  and  B).                      , 
The  leaf-base,  or  the  part  of 
the  rudimentary  leaf  which   P'u- M.-Apei  of  .n  Elm  si.oot,  (;;«,„.  ,,<,h^--«.   a. 

,.    _    ,  J.    ■  ,1  Showing  111^  vcgsUtlvB  cone  !■,  «flh  the  rmlluiKiits 

immediately     adjoins      the       „( ,  j.„„„g  i,,,, ,,_  ,tiii  uh«»menieu,  and  orth*  iie« 

vegetative  cone,  either  takes         ol.ler  Ipaf,  enlitbttlim  SBguwntntion  into  the  lamliisr 

no  furtherpart  in  the  sue-  ;^f"X«UVZ!th''j!ar('x^t)'''°"'''*  "'"  "'''''' 
ceeding  differentiation  of  the 

leaf,  or  it  develops  into  a  leaf-sheath  (vagina)  or  into  siirCLES. 
The  upper  leaf,  on  the  other  hand,  gives  rise  to  the  leaf-blade  or 
LAMINA.  If  the  fully-developed  leaf  possesses  a  lkaf-stalk  (petiole), 
it  becomes  afterwards  interposed  by  intercalary  growth  between  the 
upper  leaf  and  the  leaf<base. 

The  metamorphosis  of  the  leaf  is  exhibited  in  its  greatest  diversity 
by  the  leaves  of  Phanerogams,  in  which  the  various  homologous  leaf 
structures  have  been  (distinguished  as  scale  leaves,  foliage  lkaves, 
Bracteal  leaves,  and  floral  leaves. 

Foliage  Leaves,  generally  referred  to  simply  as  leaves,  are  the 
leaf  structures  on  which  devolves  the  task  of  providing  nourishment 
for  their  parent  plants.  Aa  the  exercise  of  this  function  is  dependent 
upon  the  presence  of  a  green  pigment,  foliage  leaves  have,  accoixiingly, 
a  green  colour.  In  certain  cases,  where  their  form  is  extremely  simple^" 
as  in  the  needles  of  Conifers,  the  primordial  leaf  simply  increases  in 
length  without  any  further  differentiation  into  ])arts.  In  other  un- 
divided leaves,  however,  whether  lanceolate,  elliptical,  ovate,  or  other- 
wise shaped,  the  flat  leaf  lamina  is  distinct  from  the  leaf-base,  whilt-  a 
leaf-stalk  may  also  be  interpolated  between  them.  If  no  leaf-stalk  is  de- 
veloped the  leaf  is  said  to  be  sessile,  otherwise  it  is  described  as  stalked. 
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The  sessile  leaves  usually  clasp  the  stem  by  a  broad  base.  Where,  as  in 
the  case  of  the  Poppy  {Paptiver  somiii/eniiit)  and  of  the  dilferent  species 
of  Bnpleiti-um,  the  leaf-base  surrounds  or  clasps  the*  stem,  the  leaves  are 
described  as  perfoliate.  If  the  bases  of  two  opposite  leaves  have 
grown  together,  as  in  the  Honeysuckle  (Lfitirem  Viiprifdium),  they  are 
said  to  be  CONNATE.  Where  the  blade  of  the  leaf  continues  downwards 
along  the  stem,  as  in  the  winged  stems  of  the  common  Mullein  (Ver- 
bascuin  Huipsifurme),  the  leaves  are  distinguished  as  decurrknt.  The 
petiole  of  a  leaf  merges  either  directly  into  the  leaf-base,  or  it  swells  at 
its  lower  end  into  a  leaf-cushion  or  pulvinus,  and  is  thus  articulated 
with  the  leaf-base.  This  is  the  case,  for  instance,  with  many  of  the 
Leffuininosae  (Fig.  213).  The  leaf-blade,  in  turn,  may  be  either  sharply 
marked  off  from  the  petiole,  or  it  may  be  prolonged  so  that  the  petiole 
appears  winged,  or  again  it  may  expand  at  its  junction  with  the  petiole 
into  ear-like  lobes.  (A  leaf  is  said  to  be  entire  if  the  margin  of  the  leaf- 
blade  is  wholly  free  from  indentations;  otherwise,  if  only  slightly 
indented,  it  is  usually  described  as  shrrate,  dentate,  crknate,  un- 
dulate, sinuate,  or  INCISED,  as  the  case  may  be.  When  the  inci- 
sions are  deeper,  but  do  not  extend  more  than  half-way  to  the 
middle  of  the  leaf-blade,  a  leaf  is  distinguished  as  lobed  or  cLKFr 
according  to  the  character  of  the  incisions,  whether  more  or  less 
rounded  or  sharp ;  if  the  incisions  are  still  deeper  the  leaf  is  said 
to  be  PARTITE,  and  if  they  penetrate  to  the  midrib  or  base  of  the 
leaf-blade  it  is  termed  divided.  Tiie  divisions  of  the  leaf-blade 
are  said  to  be  FInmate  or  palmate,  according  as  the  incisions  run 
towards  the  midrib  or  towards  the  base  of  the  leaf-blade.  '^  Where  the 
divisions  of  the  leaf-blade  are  distinct  and  have  a  separate  insertion  on 
the  common  leaf-stalk  or  on  the  midrib,  then  termed  the  SPINDLE  or 
RHACHiS,  a  leaf  is  spoken  of  as  COMFOUN^  in  all  other  cases  it  is  said  to 
be  Sl.MPLE.  The  single,  separate  divisions  of  a  compound  leaf  are  called 
leallets.  These  leaflets,  in  turn,  may  be  entire,  or  may  be  divided  and 
undergo  the  same  segmentation  as  single  leaves.  In  this  way  double 
and  triple  compound  leaves  may  be  formed.  The  leaflets  are  either 
sessile  or  stalked ;  and  sometimes  also,  as  in  Ihibtnia  and  Mimosa,  their 
stalklets  articulate  with  the  spindle  by  means  of  swollen  pulvini.  The 
term  PEDATE  is  applied  to  leaves  on  which  segments  are  further 
divided  on  one  side  only,  and  the  new  segments  are  similarly 
divided.  Variations  in  tiie  outline  of  leaves,  whether  they  are 
entire,  serrate,  dentate,  crenate,  incised,  etc.,  as  well  as  peculiarities 
in  their  shape  and  segmentation,  are  of  use  in  the  determination 
of  plants.  The  venation  or  servaturb  of  leaves  is  also  taken 
into  consideration,  and  leaves  are  in  this  respect  described  according 
to  the  direction  of  their  so-called  veins  or  nerves,  as  parallel 
VEINED  or  NtriTED  VEINED.  In  parallel  venation  the  veins  or  nerves 
run  either  approximately  parallel  with  each  other  or  in  curves,  con- 
verging at  the  base  and  apex  of  the  leaf  (Fig.  31,  i^);  in  netted  veined 
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leaves  (Fig.  17B)  the  veins  branch  off  from  one  another,  and  gradually 
decrease  in  size  until  they  form  a  fine  anastomosing  network.    In  leaves 
with    parallel    venation     the    parallel    main 
nervea  are    usually  united  by   weaker  cross  /"'"■■■ 

veins.     Netted  or  reticulately  veined  leaves  /  "-^ 

in  which  the  side  veins  run  from  the  median 
main    nerve    or    midrib   are  further  distin-      h 
guiehed    as  PInnately  veined,   or  as  PAL-     r| 
MATELY  VEINED  wheQ  Several  equally  strong    11 /' 
ribs  separate  at  the  base  of  the  leaf-blade,    iv^ 
and  give  rise  in  turn  to  a  network  of  weaker     Iff  "^ 
veins.      Parallel  venation  is  characteristic,  in     [jf      ' 
geneml,    of   the  Monocotyledons ;    reticulate     ;/#    " 
venation,  of  Dicotyledons.     Monocotyledons 
have  usually  simple  leaves,  while  the  leaves 
of  Dicotyledons  are  often  compound,  and  are 
also    more  frequently  provided  with  stalks. 
Many    plants   are   characterised    by  the    de- 
velopment of  different  forms  of  foliage  leaves. 
Such  a  condition  is  known  as  heterophylly. 
Thus  the  earlier  leaves  of  £uailyptits  glohului 
are  sessile  and  oval,  while  those  subsequently 
formed    are  stalked   and   sickle-shaped.      In 
other  cases  the  heteropliyllous  character  of 
the  leaves  may  represent  an  adaptation  to  the 
surrounding  environment,  as   in   the  Water 
Crowfoot  (Banunculus  aijualilu),  in  which  the 
floating  leaves  are  lobed,  while  those  entirely  F"i- 
e  finely  divided.  " 
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J  necessary        q,  laf.bliu 
mevfaanical  rigidity  and  I'eudcr  posaiblc  its  flattened        r\ie.) 
form.   The  branulies  of  the  veinx  parallel  to  the  margin 

of  most  leaves  prevent  their  teariug :  when  there  are  no  such  marginal  nerves  in 
large  thin  leaves,  the  lamina  is  easily  torn  into  strips  by  the  wind  and  rain.  This 
freijuentlj  happens  to  the  leaves  of  the  Ranaua  {Masa),  which,  consequently,  when 
^wing  under  natural  conditions  in  the  open  air,  ]iresents  quite  a  different  appear- 
ance than  when  grown  under  glass.  Tlie  leaves  of  tlie  Banana,  alter  becoming 
thus  divided,  olTer  lesa  resistance  to  the  wind.  In  a  similar  manner  tlie  leaves  of 
Palms,  although  undivided  in  their  bud  state,  beobmc  torn  even  during  the  prooeas 
of  their  unfolding.  A  similar  proti^ction  from  injury  is  afforded  to  the  Aroid  (Man- 
Item)  hf  the  holes  with  ^vliich  its  large  leaf-blades  beuuuie  perforated.  Equally 
advantageous  results  are  secured  by  many  plants  whose  leaves  are,  from  their  very 
inception,  divided  or  dissected.  The  submerged  leavos  of  aquatic  plants,  on  the 
other  hand,  are  generally  finely  divided  or  dissected,  not  only  for  mechanirAl 
purposes,  but  also  to  afford  a  more  complete  exposure  of  the  leaf  surface  to  tlie 
water.  Accordingly,  in  such  water-plants  as  Ranun^ulns  nqtuiltlii  (Fig.  197), 
which  possess  both  Hoatiug  and  submergc<l  leaves,  it  is  generally  the  latter  only 
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that  are  diitsected  and  fHifanii  in  ctisracter.  The  pointed  extremity  of  tlie  foliage 
leaves  of  mauy  land  plauts,  act;ordiug  to  Stabl,  facilitates  the  removal  of  water 
from  tlie  leaf  surfaee.  Fleshy  bt>-called  succulent  leaver,  like  flpshy  Hteins,  serve 
aa  reservoirs  for  atoring  water. 

In  Monocotyledons  the  teaf-base  very  often  formG  a  sheath  about 
the  stem ;  in  Dicotyledons  this  happens  much  less  frequently.  In  the 
case  of  the  Gramiieae,  the  sheath  is  open  on  the  side  of  the  stem 
opposite  the  leaf-blade  (Fig.  31,  v),  while  in  the  C;/2>eriireiie  it  is  com- 
pletely grown  together.  The  sheath  of  the  grasses  is  prolonged  at  the 
base  of  the  lamina  into  a  scaly  outgrowth,  the  ligule.  Such  a  sheath, 
while  protecting  the  lower  part  of  the  internodes  which  remain  soft 
and  in  a  state  of  growth,  gives  them  at  the  same  time  rigidity. 

Stipules. — These  are  lateral  appendages  sometimes  found  at  the 
base  of  leaves.  When  present  they  may  be  either  small  and  incon- 
spicuous, or  may  attain  a  considerable  size.  When  their  function  is 
merely  to  protect  the  young  growth  in  the  bud,  they  are  usually  of  a 
browu  or  yellow  colour,  and  are  not  persistent ;  whereas,  if  destined  to 
become  asaimilatory  organs,  and  to  assist  in  pioviding  nourishment, 
they  are  green,  and  may  assume  the  structure  and  form  of  the  leaf-blade, 
which  sometimes  becomes  modified  and  adapted  to  other  purposes 
(Figs.  35,  36).  Normally,  the  stipules  are  two  in  number,  that  is,  one 
on  each  side  of  the  petiole.  In  many  species  of  O'lliuiit,  where  tlie 
stipiUes  resemble  leaf-blades,  the  leaf-whorls  appear  to  be  composed  of 
six  members,  but  consist  actually  of  but  two  leaves  with  their  four 
stipules,  which  may  be  easily  distinguished  by  the  absence  of  any  buds 
in  their  axils.  In  other  species  of  the  same  genus  (GnHuiii  ci'iirialum 
and  pulii^tre)  there  are  only  four  members  in  the  whorls,  as  each  two 
adjoining  stipules  become  united.  In  many  eases  the  stipules  have  the 
form  of  ap{>endages  to  the  enlarged  leaf-base.  Sometimes  both 
stipules  are  united  into  a  single  one,  which  then  appears  to  have  an 
axillary  origin ;  or  the  stipules  may  completely  encircle  the  stem,  and 
thus  form  a  sheath  about  the  younger  undeveloped  leaves.  This 
sheath-like  fusion  of  the  stipules  may  be  easily  observed  on  the  Indin- 
rubber  tree  (Fkus  elastiea),  now  so  commonly  grown  as  a  decoiutive 
plant  In  this  case  the  stipulor  sheath  is  burst  by  the  unfolding  of 
each  new  leaf  and  pushed  upwards  on  the  stem.  In  the  Foli/noiutreae 
the  stipular  covering  is  similarly  torn  apart  by  the  developing  leaves, 
but  then  remains  on  the  stem  in  the  form  of  a  membranous  sheath 
(ochrea). 

Scale  Leaves  possess  a  simpler  structure-  than  foliage  leaves, 
and  are  attached  directly  to  the  stem,  without  a  leaf-stallt.  They 
exercise  no  assimilatory  functions,  and  are  more  especially  of  service 
aa  organs  of  protection.  Scale  leaves  exercise  tlieir  most  important 
function  as  bud-scales ;  they  are  then  hard  and  thick,  and  usually 
of  a  brown  colour.  They  most  frequently  take  their  origin  from 
the  enlarged  lenf-base ;    in  that  case  the  upper  leaf  either  does  not 
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develop,  or  exists  octy  in  a  reduced  condition  at  the  apex  of  the 
scale.  The  true  morphological  value  of  scale  leaves  of  this  nature 
is  very  evident  in  the  bud  scales  of  the  winter  buds  of  the  Horse- 
cbestnut  {Aesralas  Hijipovastanum) ;  for,  while  the  outer  scales  show 
no  perceptible  indications  of  an  upper  leaf,  small  leaf-blades  can  be 
distinctly  distinguished  at  the  apices  of  the  inner  scales.  In  other 
cases  the  scale  leaves  are  modified  stipules,  and  are  then  also  derived 
from  the  leaf-base ;  while,  in  other  instances,  they  tliemselves  form 
the  enlarged,  but  still  undifferentiated,  primordial  leaves.  The  bud 
scales  of  the  Oak  are  the  stipules  of  leaves  in  which  the  laminge  are  only 
represented  by  minute  scales,  ycale  leaves,  usually  colourless  and  in 
various  stages  of  reduction,  are  found  on  rhizomes  (Fig.  21),  bulbs 
(Fig.  23),  and  tubers  (Fig.  24).  On  the  aerial  stems  arising  from  such 
subterranean  shoots  the  formation  of  similar  scale  leaves  generally 
precedes  the  development  of  the  foliage  leaves,  with  which  they  are 
connected  by  a  series  of  transitional  forms. 

Bracteal  Leaves  resemble  scale  leayes  in  form,  and  have  a  similar 
development.  They  act  as  subtending  leaves  for  the  floral  shoots, 
wid  are  termed  bracts.  They  are  connected  with  foliage  leaves  by 
intermediate  forms.  Though  they  are  not  infrequently  green  they 
may  be  otherwise  coloured,  or  even  altogether  colourless. 

Floral  Leaves. — The  modified  leaves  which  form  the  flowers  of 
Pbanerc^ams  are  termed  floral  leaves.  In  the  highest  development 
attained  by  a  phanerogamic  flower  (Fig.  32),  the  successive  floral  leaves 
are  distinguished  as  sepals 
(it),  petals  (f),  stamens  (a),  and 
carpeU  (g).  In  moat  cases  the 
sepals  are  green  and  of  a  firm 
structure ;  the  petals,  on  the 
other  band,  are  more  delicate 
and  variously  coloured.  The 
stamens  are  generally  filament- 
ous, and  produce  the  pollen 
in  special  receptacles.  The 
carpels  more  closely  resemble 
scale  leaves,  and  by  closing  to- 
gether form  receptacles  within 
which    the    ovules    are    pro-  „     „.    „         , .      .  .        . 

,  ,  „,  ,  *      ,    Fjo.  SL'.— Flower  or  I'ainiwi  iwrrnrina.     k.  Hrpali;  r, 

anced.  Ihe  stamens  and  ppui^i  n,  »wm™si .«,  rarpci«,  nirtodiiesepiiiB, 
carpels  of  Phanerogams  corre-  i""'''  »"■'  "Wnieim  i"i«r  b«u  removed  to  -iiow 
spend  to  the  spore-bearing  ^i^e^pij'«ij'™''''"inKofti.os^piirate«rt>.is.  (H»ir 
leaves  of  the  Vascular  Crypto- 
gams. Such  apore-bearing  leaves  are  termed  sporophylls,  and  even 
in  the  Vascular  Cryptogams  exlubit  a  greater  or  less  departure  from 
the  form  of  other  foliage  leaves.  It  is  evident  that  the  scale  and 
Inacteal  leaves  are  to  be  considered  as  riidimental  foliage  leaves,  not 
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only  from  the  mode  of  their  development  but  also  from  the  possibility 
of  transforming  them  into  foliage  leaves.  Goebkl,  by  removing  the 
growing  tip  and  foliage  leaves  of  a  shoot,  succeeded  in  forcing  it  to 
develop  other  foli^e  leaves  from  its  scale  leaves.  Rhizomes,  grown 
in  the  light,  develop  foliage  leaves  in  place  of  the  usual  scale  leaves, 
and  even  on  a  potato  it  is  possible  to  induce  the  formation  of  small 
foliage  leaves  instead  of  the  customary  scale  leaves. 

Leaf-Scaxs. — After  a  leaf  has  fallen,  its  previous  point  of  insertion 
on  the  stem  is  marked  by  the  cicatrix  or  scar  left  by  the  fallen  leaf. 
In  winter,  accordingly,  when  the  trees  are  denuded  of  their  leaves,  the 
axillary  buds  are  plainly  perceptible  above  the  leaf-scars. 

The  Hetamorphosis  of  Foliage  Leaves. — A  form  of  slightly  modi- 
fied foliage  leaves  is  seen 
in  peltate  leaves,  or  those 
of  which  the  petioles  are 
attached  to  their  lower 
surfaces  somewhat  within 
the  mai^in,  as  in  the  leaves 
of  the  Indian  Cress  {Tro- 
paeulum  nuijus.  Fig.  180). 
In  the  process  of  their  de- 
velopment the  young  leaf- 
.  blades,  in  this  case,  grow 
not  only  in  the  same  direc- 
tion as  the  petioles,  as  a 
prolongation  of  them,  but 
also  horizontally  in  front 
of  them.  The  tubular  leaves 
of  many  insectivorous  plants 
may  have  commenced  their 
development  in  much  the 
same  way.  The  leaves  of 
Nepenthes  rtibusta  (Fig,  33), 
for  example,  in  the  course 
of  adaptation  to  the  per- 
formance of  their  special 
function,  have  acquired  the 
form  of  a  pitcher  with  a 
lid  which  is'  closed  in 
young  leaves,  but  eventu- 

Fio.  33.-.\>K""«'"J'''«°.  (i  wt.  "i«-)  *'^^  opons.    The  pitcher,  as 

GOEBEL  has  shown,  arises 
as  a  modification  of  the  leaf-blade.  At  the  same  time  the  leaf- 
base  becomes  expanded  into  a  leaf -like  body,  w^hile  the  petiole 
between  the  two  parts  sometimes  fulfils  the  office  of  a  tendril.  By 
a   similar   metamorphosis   of   its   leaflets,  bladder-like    cavities    are 
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developed  on  the  submerged  leaves  of  Ulriruliiria  (Fig.  34).  The 
entrance  to  each  bladder  is  fitted  witli  a  small  valve  which  permits  the 
ingress  but  not  the  egress  of  small  water-animals.  While  such  leaves 
display  a  progressive  metamorphosis,  in  other  instances  the  modifica- 
tions are  of  the  nature  of  a  reduction.  A  metamorphosis  of  the  whole 
leaf  lamina,  or  a  part  of  it,  into  tendrils  ( leaf-ten DRILS)  is  a  compara- 
■  lively  frequent  occurrence,  especially  among  the  ftqnliortaceae.  In  the 
adjoining  figure  of  a  Pea  leaf  (P'ig.  35),  the  upper  pair  of  leaflets  have 
l>ecome  transformed  into  delicate  tendrils  which  have  the  power  of 


twining  about  a  suj)port.  In  the  case  of  the  yellow  Vetchling,  Lafhifruf 
Aphura  (Fig.  36),  the  whole  leaf  is  reduced  to  a  tendril  and  the  function 
of  leaf-blade  is  asaumed'by  the  stipules  (n).  A  comparison  between 
these  two  forms  is  phylogenetically  instructive,  as  it  indicates  the  steps  of 
the  gradually  modifying  processes  which  have  resulted  in  the  complete 
A|uction  of  the  leaf  lamina  of  Lathiffus.  But,  for  still  other  reasons, 
^  last  case  deserves  attention,  as  it  shows  clearly  the  morphological 
distinction  between  leaf  and  stem  tendrils,  and  emphasises  the  value  of 
comparative  morphological  investigation. 

In  Lathyrus  Aphaca  the  stipules  assume  the  function  of  the 
metamorphosed  leaf  laminae ;  In  other  instances,  as  in  the  case  of  the 
Australian  Acacias  (Fig.  48,  7,  8,  9),  it  is  the  leaf  petioles  which, 
becoming  flattened  and  leaf-like  in  appearance,  supply  the  place  of  the 
undeveloped  leaf-blades.     Such  a  metamorphosed  petiole  is  called  a 
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PHYLLODE,  and,  except  that  it  is  expanded  perpendicularly,  exactly 
resemblee  a  cladode.  From  the  latter,  however,  it  is  morphologically 
different,  for  the  one  represents  a  metamorphosed  petiole,  the  other  a 
metamorphosed  shoot.     In  accordance  with  this  distinction  phyllodes 


do  not,  like  cladodes,  spring  from  the  axils  of  leaves.     Just  as  stems 
become  modified  into  thorns  (Fig.   28),  by  a  similar  metamorphosis 
leaves  may  be  converted  into  leaf  thorns.     Whole  leaves  on  the  main 
axis  of  the  Barberry  {Bcrberis  vulgaris)  become  thus  transformed  into 
thorns,  usually  three,  but  in  their  character  of 
leaves  still  give  rise  to  axillary  shoots  pro- 
vided with  foliage  leaves.      By  a  similar  meta- 
morphosis, the  two  stipules  of  the  leaves  of 
the    conimon    Locust     {Robinia    Pseadaeaeia) 
become  modified   into  thorns,  while  the  leaf 
lamina  persists  as  a  foliage  leaf  (Fig.  37).     In 
addition  to  stem  and  leaf  thorns,  many  plants 
are  provided  with  other  outgrowths  of  similar 
appearance,  which  are  often  wrongly  called 
thorns ;   but  as  they  have,  in  reality,  an  alto- 
gether   different    morphological    origin,    tl^k 
are    more    correctly    termed    prickles,       Tnb 
com.  prickles  so   characteristic   of   the   Kose   and 
■aiiii-   Blackberry  belong  to  the  same   category  as 
mnn.    B,  aiiiiuiea  luudLBmi   hairg^  and  in  no  way  represent  metamorphosed 
(J  nai  »i™V ''  ™  ™'  ""*   segments    of    the    plant    body.      Like    hairs, 
they  are  also    superficial  outgrowths  (emer- 
gences).    They  have  no  definite  fixed  relation  to  the  external  seg- 
mentation   of  a    plant,    but    arise    from    any    part    of   its    surface.* 
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Prickles  vary  considerably  in  number,  they  are  not  arranged  in  any 
definite  manner,  and  in  some  cases  are  entirely  abEent. 

Vernation  and  Estivation.— A  section  through  a  winter  bud 
shows  a  wonderful  adaptation  of  the  rudimentary  leaves  to  the  narrow 
space  in  which  they  are  confined  (Fig.  38).  They  may  be  bo  disposed 
that  the  separate  leaves  are  spread  out  flat,  but  more  froijuently 
they  are  folded,  either  cross-wise  or  length -wise  on  the  midrib 
(conduplicate),  or  in  longitudinal  plaits,  like  a  fan  (plaited,  plicate) ; 
or  they  may  be  crumpled  with  no  definite  arrangement  of  the  folds ; 
or  each  leaf  may  be  rolled,  either  from  the  tip  downwards  (circinate)  or 
longitudinally,  from  one  margin  to  the  other  (convolute),  or  from  both 
margins  towards  the  midrib,  either  outwards  (revolute)  or  inwards  (in- 
volute. Fig.  38, 1).    The  manner  in  which  each  separate  leaf  is  disposed 
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in  the  hud  is  termed  vernation.  On  the  other  hand,  the  arrangement 
of  the  leaves  in  the  bud  with  respect  to  one  another  is  designated 
.i^TlVATlON.  In  this  respect  the  leaves  are  distinguished  as  FREK  when 
they  do  not  touch,  or  VALVATe  when  merely  touching,  or  IMBRICATED, 
in  which  case  some  of  the  leaves  are  overlapped  by  others  (Fig.  38,  k). 
If,  as  frequently  occurs  in  flower-buds,  the  margins  of  the  floral 
Raves  successively  overlap  each  other  in  one  direction,  obliquely  or 
otlierwise,  the  festivation  is  said  to  be  contorted. 

The  Arrangement  of  Leaves. ^ — In  all  erect  elongated  shoots,  and 
still  more  so  in  dwarf  shoots,  it  is  apparent  that  there  is  a  marked 
regularity  in  the  arrangement  of  leaves.  This  regularity  may  be  most 
easily  recognised  in  cross-sections  of  buds  (Fig.  39),  particularly  in 
sections  showing  the  apex  of  the  vegetative  cone  (Fig.  29).  From 
>  such  an  apical  section  it  is  easily  seen  that  the  regularity  in  the 
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order  of  arrangement  of  tlie  rudimentaiy  leaves  is  determined  by- their 
conformity  with  the  position  of  the  older  leaves  on  the  vegetative 
cone,  I  and  the  consequent  necessity  of  utilising  the  remaining  free 
space.  Thus,  the  position  of  oewly  developing  leaves'  is  influenced 
by  those  already  existing,  while  their  formation  is  the  result  of  in- 
ternal causes.  After  the  rudiments  of  the  new  leaves  have  become 
protruded  from  the  vegetative  cone,  they  come  in  direct  contact  with 
the  older  leaves,  and  may  then,  as  Schwexdener  has  shown,  become 
displaced  through  the  consequent  mutual  pressure,  by  which  correspond- 
ing changes  in  their  ultimate  position  may  be  effected.  If  the  axis 
does  not  grow  in  length,  but  only  in  thicknese,  a^  the  rudimentary 
leaves  increase  in  size,  their  points  of  insertion  will  be  displaced  later- 
ally by  longitudinal  pressure ;  if  the  axis  increases  in  length,  and  not 
in  thickness,  the  insertion  of  the  leaves  will  be  displaced  by  a  trans-  S 
verse  pressure.  The  arrangement  of  the  leaves  would  also  be  affected 
by  any  increase  or  decrease  in  the  size  of  the  vegetative  cone,  un- 
accompanied by  a  corresponding  increase  or  cessation  of  the  growth 
of  the  rudimentary  leaves.  Abrupt  changes  in  the  usual  position 
of  the  leaves  may  also  be  occasioned  by  the  torsion  of  their  parent 
stem.  Thus,  the  leaves  of  Pandonus  first  appear  in  three  straight 
rows  on  the  vegetative  cone,  and  their  subsequent  spiral  arrangement, 
according  to  Schwendener,  results  from  the  torsion  of  the  stem.  An 
irregular  arrangement  of  the  leaves,  such  as  occurs,  for  example,  on 
the  flower-stalk  of  the  Crown  Imperial  (FrUiUaria  imperials),  may 
result  from  the  unequal  size  of  the  leaves  at  the  time  of  their  in- 
ception on  the  vegetative  cone. 

A  frequent  mode  of  arrangement  of  foliage  leaves  is  the  decussate, 
in  which  two-leaved  whorls  alternate  with  each  other  (Fig.  29).     A 
whorled  arrangement  is  characteristic  of  floral  leaves.      When  the 
number  of  leaves  in  each  whorl  is  the  same  the 
"  whorls  usually  alternate.     On  the  other  hand,  the 

number  of   members  in  the  different  whorls   of 
floral  leaves  will  often  be  found  to  vary  greatly ; 
or   a  whorl,  the   existence   of   which   would    be 
expected   from  the   position  of  other  whorls  and 
from  a  comparison   with  allied   plants,   may  be 
altogether  wanting.      In  this  connection  a  com- 
parison of  the  flowers  of  the  LUiaceae  and  Iridaceae 
will  be  instructive.     The  flowers  of  the  LUUicme 
LiHR;«u^C"k'  (P'g-    ^^)   ^""^  composed    of   five    regularly  alter- 
main  mta  \»  indiciited  Dating,  throc-leaved  whorls  or  cycles,  viz.  a  calyx 
by  B  hiwk  dot,  opiK)-  ^^^  ^  corolla  (each  consisting  of  three  leaves,  and 
biwt.    "'"^    **     *  on   account  of  their  similar   appearance   usually 
referred  to  conjointly  as  the  perianth),  an  outer 
d  an  inner  cycle  of  stamens,  and  finally,  in  the  centre  of  the  flower, 
ovary  of  three  carpels.     In  the  flowers  of  the  Iriduciae  (Fig.  41) 
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the   arrangement  is  exactly  similar,  except  that  one  vrhori,   that  of 
the    inner  cycle  of  stamenB,    la    lacking,   but    the   three    carpels  are 
situated  exactly  as  if  the  missing  cycle  of  stamens 
were  present.     From  this  similarity  of  arrangement,  • 

despite  the  absence  of  the  one  cycle  of  stamens,  the 
conclusion  has  been  drawn  that,  at  one  time,  the 
inner  row  of  stamens  was  actually  present,  but  has 
now  disappeared.  In  constructing  a  theoretical 
DIAGRAM  of  the  Iridaceae  the  missing  cycle  of 
stamens  is  indicated  by  some  special  sign  (hy  crosses 
in  Fig.  41);  a  diagram  in  which  theoretical  sup- 
positions are  not  taken  into  consideration  is  called 
an  EMPIRICAL  DIAGRAM.  Diagrams  showing  the  ' 
alternate  arrangement  of  leaves,  in  cases  where 
only  a  single  leaf  arises  from  each  node,  may 
be  constructed  by  projecting  the  successive  nodes 
of  a  stem  upon  a  plane  by  means  of  a  series 
of  concentric  circles,  on  which  the  position  of  the  leaves  may  be 
indicated  (Fig.  42).  The  angle  made  by  the  intersection  of  the 
.median  planes  of  any  two  successive  leaves  is  called  their  divkrgence, 


1  fractions  of  the  circumference ;  for  example,  in 
case  the  angular  divergence  between  two  successive  leaves  is  120', 
their  divergence  is  expressed  by  the  fraction  J.  In  the  adjoining 
digram  (Fig.  42)  a  f  divergence  ia  indicated.  Where  the  lateral 
distance  between  two  successive  leaves  is  j  of  the  circumference  of  the 
stem,  the  sixth  leaf  is  above  the  first,  the  seventh  above  the  second, 
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and  so  on.  The  leaves  form  on  tlie  axis  five  vertical  rows,  which 
are  spoken  of  as  ORTHOSTICHIES.  Where  the  leaves  are  very  much 
crowded,  as  in  dwarf-shoots,  a  sot  of  spiral  rows  called  parastichies, 
due  to  the  contact  of  the  nearest  laterally  adjacent  members,  becomes 
much  more  noticeable  than  the  ortboatichies.  If  the  surface  of 
such  an  axis  be  regarded  as  spread  out  horizontally,  the  parastichies 
become  at  once  distinguishable  (Fig.  43),  and  it  will  be  evident  that  the 
sum  of  the  parastichies  cut  by  every  cross-section  through  snch  an 
axis  must  equal  the  number  of  the  orthostichies.  On  objects  like 
pine  cones,  in  which  the  parastichies  are  easily  recognised,  they  may 
be  used  to  determine  the  leaf  arrangement.  The  most  common 
divergences  are  the  following,  A,  I,  f,  iJ,  -j°3,  /j,  J^,  etc.  In  this 
series  it  will  be  observed  that  in  each  fraction  the  numerator  and 
denominator  are  the  sum  of  those  of  the  two  preceding  fractions.  The 
value  of  the  difl'erent  fractions  varies,  accordingly,  between  +  and  ^, 
while  always  approaching  a  divergence  angle  of  137°  30'  28".  The 
frequent  recurrence  of  the  divei^ence  angles,  expressed  by  the 
fractions  of  this  series,  is,  no  doubt,  due  to  the  fact  that  by  such 
arrangements  of  the  leaves,  the  space  available  is  utilised  to  the  best 
advantage,  and  with  the  least  possibility  of  mutual  hindrance  in  the 
performance  of  the  assimilatory  functions.  It  a  line  be  drawn  on 
the  surface  of  a  stem,  so  as  to  pass  in  the  shortest  way  successively 
through  the  points  of  insertion  of  every  leaf,  a  spiral  called  the 
GENETIC  SPIRAL  wiU  be  constructed.  That  portion  of  the  genetic 
spiral  between  any  two  leaves  directly  over  each  other  on  the  same 
orthostichy  is  termed  a  Cycle.  Where  the  divergence  is  ^,  a  cycle 
will  accordingly  include  five  leaves,  and  will  in  such  a  case 
have  made  two  turns  about  the  stem.  An  attempt  has  been  made  to 
trace  spirals  even  where  the  leaves  are  arranged  in  whorls,  but 
now  that  the  genetic  causes  controlling  such  leaf  arrangements  are 
understood,  such  a  procedure  seems  rather  superfluous.  It  is,  moreover, 
no  longer  attempted  to  extend  the  spiral  theory  to  dorsiventral  shoots ; 
since  it  is  now  known  that  this  arrangement  of  the  leaves  is  due,  not 
to  an  ideal  spiral  law,  but  to  mechanical  causes  regulating  their 
development.  The  tips  of  dorsiventral  shoots  are  frequently  coiled 
ventrally  inwards,  bearing  their  leaves  either  dorsally  or  on  the  sides, 
but,  in  the  latter  ease,  more  on  the  dorsal  than  ventral  surface.  The 
creeping  stems  of  many  Ferns  or  the  flower-bearing  shoots  of 
Forget-me-not  (Mi/osntis)  are  good  examples  of  such  dorsiventral 
shoots.  The  line  joining  successive  leaves  in  such  cases  is,  at  the 
best,  but  a  zigzag. 


^ 


The  Root 

The  third  member  of  the  plant  body   of  Cormophytes,   in   its 
lical  development  as  an  UKDERCROUSD  root,  sliows  but  little  varia- 
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tion.  This  regularity  of  form  is  due  to  the  uniformity  of  the  conditious 
to  which  roota  are  exposed  in  the  ground,  for  aerial  roots,  which  are 
for  the  most  part  restricted  to  the  moist  climate  of  the  tropics,  exhibit 
ft  much  greater  tendency  to  modification.  The  covered  vegetative  cone 
and  the  inability  to  develop  leaves  are  characteristic  of  roots,  and 
furnish  an  easy  means  of  distinguishing  them  from  underground  shoots. 
A  ROOT-CAP  or  CALYPTRA  affords  the  vegetative  cone  of  a  root  the 
protection  that  is  provided  to  the  apex  of  a  stem  by  the  rudimentary 
leaves.  Although,  generally,  the  existence  of  a  root-cap  is  only  dis- 
closed by  a  Tuedian,  longitudinal  section  through  the  root-tip,  in  some 
roots  it  is  plunly  distinguishable  as  a  cap-like  covering.  The  very 
noticeable  caps  on  the  water  roots  of  Duckweed  {Lemiui)  are  not,  in 
reality,  root-caps,  as  they  are  not  derived  from  the  root,  but  from  a 
sheath  which  envelops  the  rudimentary  root  at  the  time  of  its  origin. 
They  are  accordingly  termed  root-pockets  {Fig.  415,  ui).  As  a 
general  rule,  however,  roots  without  rootcapa  are  of  rare  occurrence, 
and  in  the  case  of  the  Duckweed  the  root-pockets  perform  all  the 
functions  of  a  root-cap.  The  short-lived  roots  of  the  Dodder  {p.  25) 
afford  another  example  of  roots  devoid  of  root-caps.  Characteristic  of 
roots  are  also  the  root-hairs  (Fig.  47,  r),  which  are  found  at  a  short 
distance  from  their  apices.  As  the  older  root-hairs  die  at  the  same 
rate  that  the  new  ones  are  developed,  only  a  small  portion  of  a  root  is 
provided  with  root-hairs  at  the  same  time.  In  other  respects,  root- 
hairs,  like  prickles,  show  no  regularity  in  their  individual  position  or 
number.  In  some  few  instances  roots  develop  no  root-bairs ;  this  is 
true  of  the  roots  of  many  Conifers,  and  of  most  aerial  roots. 

BFdhchln?  of  the  Root. — Just  as  a  shoot  may  become  bifurcated 
by  the  division  of  its  growing  point  (Fig.  18),  so  a  root  may  become 
similarly  branched.  For  the  most  part,  this  mode  of  branching  takes 
place  only  in  the  roots  of  Lycopodiaceae,  the  shoots  of  which  are  also 
dichotomously  branched  (p.  19).  The  branching  of  roots  usually 
occurs  in  acropetal  succession,  but  the  lateral  roots  {Fig.  47,  sir)  make 
their  appearance  at  a  much  greater  distance  from  the  growing  point 
of  the  main  root,  than  lateral  shoots  from  the  apex  of  their  parent 
stem.  By  reason  of  the  internal  structure  of  their  parent  root,  lateral 
roots  always  develop  in  longitudinal  rows  (Fig.  47).  They  are  of 
endogenous  origin,  and  before  reaching  the  surface  must  break  through 
the  surrounding  and  overlying  tissue  of  the  parent  root,  by  the 
ruptured  portions  of  which  they  are  often  invested,  as  with  a  collar. 

Ad^'ENTITIOUS  roots,  just  as  adventitious  shoots,  may  arise  from 
any  part  of  a  plant.  They  are  especially  numerous  on  the  underside 
of  rhizomes  (Fig.  21,  to),  and  also,  when  the  externa!  conditions  are  at 
all  favourable,  they  seem  to  develop  very  readily  from  the  stem  nodes. 
A  young  shoot,  or  a  cutting  planted  in  moist  soil,  quickly  toims 
adventitious  roots,  and  roots  may  also  arise  in  a  similar  manner  from 
leaves,  especially  from  Begonia  leaves.   The  origin  of  adventitious  roots, 
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as  of  all  roots,  Je  endc^eiioua.      Dormant  root  rudiments  occur  in  the 
same  manner  as  dormant  buds  of  shoots.     The  ease  with  which  willows 
are  propagated  from  shoots  is  well  known,  and  is  due  to  the  prompt- 
ness   with  which  they    develop    adventitious   roots   from  apparently 
latent  embryonic  tissue,  when 
the    requisite    conditions    of 
moisture  and  darkness  are  ful- 
filled. 

The  Metamorphosis  of  the 
Root. — The  customary  noraen- 
clature  for  the  various  root 
forms  is  based  on  their  shape, 
size,  and  mode  of  branching. 
A  root  which  is  a.  prolongation 
downwards  of  the  main  stem 
is  called  the  main  root  or  tap- 
root; the  other  roots  are 
termed,  with  reference  to  the 

tap-root,     LATERAL     ROOTS     of 

different  orders,  according   to 
the   order  of    their   develop- 
ment    The  roots  may  enlarge 
fm.  4j.-noot-tuiw™  of  Daiiiu  i-^riirtiii.,    s,  Tbe  and  becomc  turnip-shaped  or 
loM^erportioniotcitrt™..  (n»t. .i«.)  tubefous     (Fig.     44).       Such 

tuberous  growths  often  greatly  resemble  stem  tubers,  but  may  be  dis- 
tinguished from  them  by  their  root-caps,  by  the  absence  of  any  indica- 
tions of  leaf  development,  and  by  their  internal  structure.        ' 

Tlie  tubers  of  the  Ordiiilncrnc  exhibit,  morphologically,  a  peculiar  mode  of  for- 
niutiou.  Tlie;  are,  tu  a.  great  extent,  niotle  up  of  flenliy,  swollen  roots,  fused  to- 
geilier  and  teniiiuating  above  in  a  shoot-biid.  At  tlioir  lower  extremity  the 
nibers  are  either  simjile  or  palniately  segmented.  In  the  adjoining  figure  (Pig. 
4n)  both  an  old  (f)  anil  a  youug  tuber  {f}  are  rei>ref<ented  btiO  united  together. 
The  older  tuber  has  produced  its  flouering  »hoot  ({>),  and  has  begun  to  slirivel  and 
dry  up  :  a,  bud,  fomie<l  nt  the  liasv  of  tlie  alioot,  in  tbe  axil  of  a  scale  leaf  (f),  lias 
already  <levelo])ed  the  ailv-entitious  rooU,  wliich,  swollen  and  fused  together,  have 
given  rise  to  tbe  youuger  tuber. 

The  aei-ial  roots  of  tropical  Epiphytes  differ  considerably  in  their 
structure  from  underground  roots.  The  aerial  roots  of  the  Orchidaceae 
and  of  many  Aioidnn;  are  provided  ivith  a  spongy  sheath,  the  VELAJIEK, 
by  means  of  which  tliey  are  enabled  to  absorb  moisture  from  the 
atmosphere.  Aerial  roots,  in  some  cases,  grow  straight  downwards,  and 
upon  reaching  the  ground,  branch  and  function  as  nutritive  roots  for 
the  absorption  of  nourishment ;  in  other  instances,  they  tuni  from  the 
light,  and,  remaining  comparatively  short  and  unbranched,  fasten  them- 
selves  as  CLIJIBING  ROOTS  to  any  support  with  which  they  come  in 
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coDtact.    The  climbing  roots  of  many  Orchids,  Aroids,  and  Ferns  branch 
and  form  lodgment  places  for  humua ;  and  into  this  the  nutritive  root 
branches  penetrate  as  special  outgrowtlis  of  the  chmbing  roots.   Pendent 
aerial  roots  generally  contain  chlorophyll.     In  the  Orchid  Angraecum 
gtobttlosum  the  task  of  nourishing  the  plant  is 
left  entirely  to  the  aerial  roots,  which   are 
then  devoid  of  a  velamen,.  and  very  much 
flattened.    They  are  distinctly  green-coloured, 
and  supply  the  place  of  the  leaves  which  lose 
their  green  colour  and  are  reduced  to  scales. 
The  aerial  roots  of  the  epiphytic  Bromeli- 
aceae  are  developed  exclusively  as  climbing 
roots,  while  the  leaves  function  not  only  as 
asEimi latin g    organs,   but   also   assume   the 

whole  task  of  water -absorption.  All  the  fio.  is.— ordii*  iai(/we...  e.  The 
aerial  roots  of  Epiphytes  are,  so  far  as  their  ma  iwnuber ;  i",  tiie  yoang 
ongin  IS  concerned,  adventitious.  Bcaie  j^^i  „iti,  ujujry  bud, 

k,   from  whip).  Ihfl  new  tuber 
Tlie    numerous   ndTentitious    roots    wliicli    fonii         '"'"  "''"'''  I  ''p  ""liiinry  sclnen- 
a  thick! j-matted  covering  on   the  trunks  of  Tree-  '   °"'  ""  ^    <)  na  .  s  le.) 

ferns  become  hard  after  death,  and  serve  as  orgaoa  of  protection.  lu  some 
Palms  {Aacntkon-kisa,  Irittrtea)  tlie  adventitious  roots  on  the  lower  part  of  the 
stem  become  modified  into  thorna,  root-thorss.  The  roots  of  certdio  tropical 
plants,  BQcb  as  PandaiMS  and  the  s  nam  p.  inhabiting  Mangrove  trees,  are  specially 
modified.  These  plants  develop  on  their  Rtema  adventitious  roots,  which 
grou'  obliquely  downwards  into  the  ground,  so  that  the  stems  finally  appear 
BE  if  growing  on  stilts.  The  Banyan  trees  of  India  {Fimis  Iitdim)  jirodace  wonder- 
ful root-BupporlB  from  the  under  side  of  their  branches,  upon  w)iich  they  rest 
as  upon  columns.  The  lateral  roots  of  certain  Mangrove  trees  become  modified  as 
peculiar  breathing  organs,  and  for  this  pur|iose  grow  upwards  into  the  air  out  of 
the  swampy  soil  or  water  in  which  the  trees  grow  ;  they  then  beuome  greatly 
swollen  or  flattened,  and  provided  with  special  aerating  passages.  Such  bespiba- 
TOiiY  or  AERiTiNo  BOOTS  surround  the  Mangrove  trees  like  vigorouH  Asparagus 
stalks,  and  enable  the  roots  growing  below  in  the  mud  to  carry  on  the  necessary 
exchange  of  gases  with  the  atmosphere. 

The  roots  of  parasites  usually  undergo  a  far-reaching  reduction. 
The  roots  of  the  Dodder  (Cuscula)  form  wart-like  excrescences  (Fig. 
185,  H)  at  the  point  of  contact  with  their  nourishing  host,  which 
they  finally  penetrate.  They  draw  nourishment  from  the  host  plant, 
and  are  consequently  termed  suction  roots  or  hauhtoria;  such 
haustoria  divide  within  their  host  into  single  threads,  and  from  each 
thread  a  new  parasitic  plant  may  be  formed.  The  immense  Howers  of 
Babesia  Amoldi,  which  spring  directly  from  the  roots  of  Cissus,  owe 
their  origin  to  similar  haustoria.  The  reduction  of  the  roots  may 
extend  to  such  a  degree  that,  in  many  plants,  no  roots  are  formed. 
It  has  been  already  mentioned  (p.  23)  that  in  the  case  of  Comllwr- 
rhiui  innaia  (Fig.   22)  the  rhizome  assumes  all  the  functions  of  the 
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roots,   which  are  entirely  absent.     Also  in  many  aquatics,  Sahnnia, 
JVolffia  anhizu,  Ulrioihria,  Cerutophytlum,  roots  are  altt^ether  absent. 

The  Ontogeny  of  Plants 

Just  as  in  the  pliylogenetic  development  of  the  vegetable  kingdom 
there  is  an  evolution  from  simpler  to  more  complex  forms,  so  each  plant 
in  its  ontogeny  passes  through  a  similar  process  of  evolution.  The 
study  of  the  ontogenetic  development  of  a  plant  is  termed  embryology. 
A  young  plant,  in  its  rudimentary,  still  unformed  condition,  is  called  au 
£UBRYO  or  GEUH ;  and  the  early  stages  of  its  development  are  spoken  of 
as  GERMINATION.  As  a  Fute,  the  embryo,  in  the  beginning  of  its  de- 
velopment, is  microscopic  and  of  a  spherical  form.  In  a  lower  organism 
this  condition  may  continue  from  the  beginning  to  the  end  of  its 
development,  as  is  the  case  in  Gloeorapsa  polydemiaticn  (Fig.  1,  p.  11); 
or  the  development  may  proceed  further  to  the  formation  of  filament- 
ous, ribbon-like  or  cylindrical  bodies.  If  the  future  plant  is  to  have 
a  growing  point,  a  part  of  the  germ  substance  is  retained  in  its 
embryonic  condition,  and  further  development  proceeds  from  this 
embryonic  substance.  In  the  more  highly-organised  plants  the  difierent 
members  arising  from  the  growing  point  only  gradually  attain  that 
degree  of  development  characteristic  of  the  particular  plant.  The 
plant  must  develop  and  attain  maturity,  and  it  is  not  until  it  has 
accomplished  this  that  certain  portions  of  the  embryonic  substance  of 
the  growing  point  are  appropriated  to  the  production  of  new  embryos. 

The  different  generations  arising  from  an  embryo  of  a  plant  may 
exactly  resemble  each  other,  or  an  alternation  of  GENERATIONS  may 
occur,  in  which  case  each  succeeding  generation  is  unlike  its  immediate 
predecessor.  As  a  general  rule,  the  alternate  generations  are  equiva- 
lent, although  this  is  not  necessarily  the  case.  One  of  the  alternating 
generations  is  usually  sexually  differentiated,  that  is,  its  reproductive 
cells  are  only  capable  of  development  after  a  fusion  with  other  repro- 
ductive cells.  This  process  of  the  fusion  of  two  sexually  differentiated 
cells  is  called  fertilisation,  and  its  product  a  fertilised  egg.  The 
asexual  generation,  on  the  contrary,  produces  reproductive  cells, 
termed  spobEs,  which  require  no  fertilisation  before  germinating.  In 
the  case  of  the  Thallophytes,  the  alternation  of  generations  is  often 
extremely  complicated  by  the  irregularity  of  the  recurrence  of  the 
different  generations,  and  by  the  interposition  of  other  modes  of 
reproduction,  not  in  line  with  the  regular  succession  of  generations. 
In  the  Cormophytes,  however,  asexual  and  sexual  generations  regularly 
alternate,  and  consequently,  whenever  an  alternation  of  generation 
occurs,  more  than  one  generation  is  requisite  to  complete  a  cycle  in 
the  development  of  a  species.  Accordingly,  in  the  conception  of  a 
species,  two  or  more  individuals  are  included.  These  individuals 
may  exist  separately  and  distinct  from  each  other,  or  they  may  be  so 
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united  as  to  appear  but  a  single  organism ;  as,  for  example,  in  the 
Mosses,  where  the  spore-producing  generation  lives  upon  the  sexual 
plant,  or  as  in  PhanerogamB,  where,  conversely,  the  sexual  generation 
completes  its  development  within  the  asexual  plant. 

In  Phanerogams,  owing  to  the  formation  of  the  embryo  within 
seeds,  that  stage  of  the  development  of  a  plant  which  is  termed 
germination  is  clearly  defined ;  for  not  until  the  seed  is  completely. 


v> 


Fi.i.  -Ui.-TluiJair^iJ'uMii.  .1.  Median  loiigttiiaiiu 
wcUou  Ibioogh  the  ripe  leuil  (x$):  B,  CCxS) 
D.  E  (nit.  size),  <)ia'^r<-iit  iMKrH  of  gcnnliiE 
Hon  ;  *.  bypocotyl  ;  c,  cutjlwloiu  ;  r,  isJlcln 


formed  does  the  newly-formed  plantlct  begin  its  independent  exist- 
ence. Tiie  embryo,  while  still  enclosed  within  tlie  seed,  generally 
exhibits  the  segmentations  characteiistic  of  Cormophytes.  Protected 
by  the  hard  seed-coats,  it  is  enabled  to  sustain  a  long  period  of  rest. 
Abundant  deposits  of  nutritive  material  in  the  embryo  itself,  or 
surrounding  it,  are  provided  for  its  uourishment  during  germination. 
The  different  segments  of  a  phanerogamic  embryo  have  received 
distinctive  names  ;  thus,  as  in  the  embryo  of  the  American  Arbor  Vitae 
(TTiuja  ircf-idenialis.  Fig.  46),  the  stem  portion  (/i)  is  termed  the  hYPO- 
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COTYL,  the  first  leaves  {c)  are  the  seed  leaves  or  cotyi.edons,  while 
the  root  ()■)  is  diBtinguished  as  the  radicle.  The  tap-root  of  the  fully- 
developed  plant  is  formed  hy  the  prolongation  of  the  radicle.  In 
Fig.  47  a  germinating  plantlet  of  the  Hornbeam  {Carpinus  Beluhis)  is 
shown  with  its  hypocotyl  (k)  and  both  cotyledons  (c) ;  but  its  radicle 
has  already  developed  into  a  tap-root  (hw)  with  a  number  of  lateral 
roots  (sw).  An  internode  and  foliage  leaf  (I)  have  been  produced 
from  the  vegetative  cone  of  the  stem;  while  the  next  higher  internode 
is  also  distinguishable,  but  has  not  yet  elongated,  and  a  second  foliage 
leaf  {I')  is  unfolding. 

A  highly  organised  plant,  which  begins  its  development  with 
the  simplest  stages  and  gradually  advances  to  a  higher  state  of 
dilTerentiation,  repeats  in  its  ontogeny  its  phylogenetic  develop- 
ment. In  the  process  of  its  ontogenetic  development  much  has 
been  altered,  and  much  omitted,  so  that  it  presents  but  an  imperfect 
picture  of  its  past  history ;  nevertheless,  this  representation  is  valuable, 
and,  next  to  comparative  methods,  furnishes  the  most  important  source 
of  morphological  knowledge.  Whatever  is  true  of  the  development  of 
^_^  a   plant  from   the  embryo 

/"J?  is  also,  as  a  rule,  applicable 

to  its  further  growth  from 
-         -     1-.  i*-  the  growing  point,  and,  con- 

/^    ,\"v\^ir  '-    'iS^'^tiS.    sequently,  a  knowledge  of 

J5?=2=^^,  '  the  mode  of  development 
^^  at  the  growing  point  is 
•-'/  of  great  importance  in 
detecting  homologies.  The 
earlier  a  characteristic 
makes  itself  apparent  in 
the  embrjo,  or  the  nearer 
it  is  to  the  growing  point 
of  the  old  plant,  so  much 
the  greater  is  its  value  in 
determining  the  general 
relationships  existing  be- 
tween the  different  plants  ; 
the  later  it  is  exliibited  in 
the  embryo,  or  the  farther 
removed  it  is  from  the 
111.  growing  point  of  the  plant, 

luve   uecn  iiLitjwn  on.     'inp    luiuuro  liMves    1-4   are    j.i_       i  -.  11 

piiinalr.  the  following  lesves  bipliinaW,    Tin;  petioh'S    '''*^    '^^^    '^    general    ValUC, 

of  ifflivea  i  Biid  0  sre  verticBiiy  cipiiKied ;  »nd  in  tiic   but  the  greater,  in  propor- 
foiioMtng  iMvea,  7,  B,  0  inodiBca  a.  phjUodta.  nil,!,   tion,  iU  importance  in  de- 
fining  the  character    of   a 
genus  or  species.    From  tiie  fossil  remains  of  former  geological  jwriods, 
it  is  safe  to  conclude  that  such  Conifers  as  ITiujii,  Biota,  and  the  various 
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Junipers,  that  now  have  scale-like  compressed  leaves,  have  been  derived 
from  Conifers  with  needle-shaped  leaves.  This  conclusion  is  further 
confirmed  by  the  fact,  that  on  the  young  platits  of  the  scaly-leaved 
Conifers  typical  needle-shaped  leaves  are  at  first  developed.  The 
modified  leaf  forms  do  Dot  make  their  appearance  until  the  young 
plant  has  attained  a  certain  age,  while  in  some  Junipers  needle-shaped 
leaves  are  retained  throughout  their  whole  existence,  Even  still  more 
instructive  are  the  Australian  Acacias,  whose  leaf -stalks  become 
modified,  aa  pfayllodia  (p.  35),  to  perform  the  functions  of  the  reduced 
leaf  -  blades.  The  proof  for  such  an  assertion  is  furnished  by  a 
germinating  plantlet  of  Acada  pycnatUha  (Fig.  48),  in  which  the  first 
leaves  are  simply  pinnate,  and  the  succeeding  leaves  bipinnate.  In  the 
next  leaves,  although  still  compound,  the  leaf-blades  are  noticeably 
reduced,  while  the  leaf-stalks  have  become  somewhat  expanded  in  a 
perpendicular  direction.  At  length,  leaves  are  produced  which 
possess  only  broad,  flattened  leaf-atalks.  As  many  other  species  of 
this  genus  are  provided  only  with  bipinnate  leaves,  it  is  permissible 
on  such  phylogenettc  grounds  to  conclude  that  the  Australian 
Acacias  have  lost  their  leaf-blades  in  comparatively  recent  tjmes,  and 
have,  in  their  stead,  developed  the  much  more  resistant  phyllodes 
as  being  better  adapted  to  withstand  the  Australian  climate.  The 
appearance,  accordingly,  of  the  phyllodes  at  so  late  a  stage  in  the 
ontogenetic  development  of  these  Acacias  is  in  conformity  with  their 
recent  origin.  It  may,  in  like  manner,  be  shown  that  in  the  case  of 
plants  with  similarly  modified  leaf  forms,  the  metamorphosis  of  the 
leaves  does  not  take  place  until  after  the  cotyledons  and  the  first 
foliage  leaves  have  been  developed,  and  it  is  then  usually  effected 
by  degrees. 


II.  INTERNAL  MORPHOLOGY 

(Histologj-  aud  Anatomy) 

The  CeU 

All  plants,  as  all  animals,  are  composed  of  elementary  organs 
called  cells.  In  contrast  to  animal  cells,  typical  vegetable  cells  are 
surrounded  by  firm  walls,  and  are  thus  sharply  marked  off  from, 
one  another.  In  fact,-  it  was  dne  to  the  investigation  of  the  cell  walls 
that  the  cell  was  first  recognised  ia  plants.  An  English  microgra|>her, 
Robert  Hookk,  was  the  first  to  notice  vegetable  cells.  He  gave  them 
this  name  in  his  Mirrogmphta  in  the  year  1C67,  because  of  their 
resemblance  to  the  cells  of  a  honeycomb,  and  published  an  illustration 
of  a  piece  of  bottle-cork  having  the  appearance  shown  in  the  adjoining 
figure  (Fig.  49).     Eobekt  Hookb,  however,  was  only  desirous  of  ex- 
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hibiting  by  means  of  different  objects  the  capabilities  of  his  microscope  ; 
consequently,  the  Italian,  Marcello  Malpighi,  and  the  Englishman, 
Nehemi^H  Grew,  whose  works  appeared  almost 
simultaiicously  a  few  years  after  Hooke's  Micro- 
ffraj  kia  have  been  regarded  aa  the  founders  of 
\^eUble  Histology.    The  living  contents  of  the 
cell    the  real  body  or  substance,  was    not  re- 
cognised in  lie  full  significance  until  the  middle 
of  the  present  century.    Only  then  was  attention 
turned  more  earnestly  to  this  study,  which  has 
since  been  so  especially  advanced  by   Meyen, 
ScHLEiDEN    Hugo  v.  Mohi,  Naueli,  Febdi- 
*''°HMK7'»"''mi^'init^  of  NAND  CoHN,  Pringsheim,  and  Max  Schultze. 
botti«™rk.  »bich  he  eii-         If  an  examination  be  made  of  a  thin  longi- 
iitiwi  s*cheiji»tisin  or  tci-   tudinal  section  of  the  apex  of  a  stem  of  a  piianero- 
gamic  plant,  with   a   higher  magnifying  power 
than  that  used  in  the  previous  investigation  (Fig.  1 7)  of  the  vegetative 
cone,  it  will  be  seen  that  it  consists  of  nearly  rectangtilar  cells  (Fig.  50X 
which  are  full  of  protoplasm  and  separated 
from  one   another  by   delicate  walla-    In 
each  of  the  cells  there  will  be  clearly  dis- 
tinguishable a  round  body  (A-),  which  fills 
up   the   greater   part  of  rfie    cell   cavity. 
This  Ixidy  is  the  cell  nucleus.     If  sections, 
made   in  different  directions  through  the   ■ 
vegetative  cone,   be   compared   with   one 
another,  it  will  be  seen  that  its  component  -^ 

cells  are  nearly  cubical  or  tabular,  while  f',o  m.— Embryonic  wii  ftom  tke 
the  nuclei  are  more  or  less  spherical  or  vegfiatii-.TniieQfaphBncrotwnic 
disc-shaped.  The  finely  granular  sulistance  ''''"^*'  ■*"•'*"'■  ';"*'  "'"■"•™' 
(cij)  filling  m  the  space  between  tlie  nucleus       tmiihem ;  eg,  c^tuplum :  m, 

{k)  and  the  cell  wall  {m)  is  the  CELL  PLASM         ohromiiloi.lionw ;   «.    ceU    w«ll, 

or  cvTOPLASJiL  Recent  investigations  have  lolio')" "" '  ''™'""'"^'''  '^ ' "" 
shown  that  two  extremely  small,  colourless 

bodies  lie  in  the  cytoplasm,  near  the  nucleus.  These  are  the 
CENTROSPHERES  or  ATTRACTION  Mi'HERE-s  {':»).  In  addition  to  tiese 
there  are  to  be  found,  about  the  nucleus,  an  indefinite  number  of 
somewhat  larger  bodies,  which  are  also  colourless  and  highly  refrac- 
tive ;    these   are    the   pigment  -  bearers    or    uhromathphokes    (rh). 

Xl-ULEUS,  CENTROSPIIKRES,  CYTOPLAfiM,  and  CHROMATOPHORES,  CON- 
STITUTE THE  ELEMENTS  OF  THE  LIVING  BODY  OF  A  TYPICAL  >'EGETABLE 

CEILL.  To  designate  all  these  collectively,  it  is  customary  to  use  the 
term  Protoplasm,  which  is  then  to  be  understood  as  including  all 
the  living  constituents  of  a  cell. 

Protoplasm  does  not  show  tlie  same  degree  of  internal  ditferentia- 
tion  in  all  vegetable  organisms.     The  protoplasm  of  the  Fungi  has  no 
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chroiuatophores.  Tn  the  protoplasm  of  the  lowest  plants,  the  Fission 
plants  or  tlie  Schizophytes,  the  internal  dilTerentiation  does  not  seem 
to  have  progressed  to  the  same  extent  as  in 
the  more  highly  organised  plants. 

The  protoplasm  of  animal  cells,  on  the 
other  hand,  is  devoid  of  chromatophores. 
While  animal  cells  usually  remain  continuously 
filled  with  protoplasm,  vegetable  cells  soon 
form  large  sAP  cavities.  It  is  only  the 
embryonic  cells  of  plants  that  are  entirely 
tilled  with  protoplasm,  as  the  cells,  for  ex- 
ample, of  an  ovule  or  of  a  growing  point; 
they  afterwards  become  larger  and  contain 
proportionally  less  protoplasm.  This  can  be 
seen  in  any  longitudinal  sectioft  through  a 
stem  apex.  At  a  short  distance  from  the 
growing  point  the  enlarged  cells  have  already 
l>egun  to  show  cavities  or  vacuoles  (v  in  J, 
Fig.  51)  in  thei/  cytoplasm.  Tiiese  are  filled 
with  a  watery  Huid,  the  CKl-t  SAl'.  The  cells 
continue  to  increase  in  size,  and  usually  soon 
reach  a  condition  in  which  theiwwhole  central 
portion  is  filled  by  a  single,  large  sap  cavity 
{v  in  B,  Fig.  51).  This  is  almost  always  the 
case  when  the  increase  in  the  size  of  the  cell 
is  considerable.  The  cytoplasm  then  forms 
only  a  thin  layer  lining  the  cell  wall,  ivhile 
the  nucleus  takes  a  parietal  position  in  the 
peripheral  cytoplasmic  layer.  At  other  times, 
however,  .the  sap  cavity  of  a  fully-developed 
cell  may  be  traversed  by  bands  and  threads 
of  cytoplasm ;  and  in  that  case  the  nucleus 
is  suspended  in  the  centre  of  the  cell.  But 
whatever  [losition  the  nucleus  may  occupy,  it 
is  always  embedded  in  cytoplasm  ;  anil  thei'e 
a  always  an  unbroken  peripheral  layer  of 
cytofiasut  Nning  the  ceil  wall.  r,,,.  si.^tho-  ceiis  taken  ai 

This  cytoplasmic  peripheral  lajer  is  in  con-  'iiii«t™t  <ii8Uiice>  itom  ihe 
tact  with  the  cell  wall  at  all  points,  and,  so  long  ^*^"*i^^'  "/  '  ^^ZZ 
as  the  cell  remains  living,  it  continues  in  that  <:•,,  cytapiaatu;  r,  i-aruoi»,' 
condition.  In  old  cells,  however,  this  cyto-  itp«Mrted  in  Ji  by  ti<e  up 
plaamic  layer  frequently  becomes  so  thin  as  to  "^^l^^^  s'd^-ITm)  '"**"'"' 
esi^qie  direct  observation,  and  is  not  percejttible 

uutil  scone  dehydrating  reagent,  which  causes  it  to  recede  from  the  wall, 
hag  bsm^mfloyed.  Such  a  thin  cytoplasmic  peripheral  layer  has  been 
deaoribed  by  Hire.*.!  v.  Mohl  under  the  name  of  PRiMOiti>iAr.  utriule. 
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As  a  rule,  every  living  vegetable  cell  has  a  nucleus. 

Dead  cells  lose  their  living  protoplasmic  contents,  and,  strictly 
speaking,  should  no  longer  be  termed  cells,  although  the  name  \vas  first 
applied  to  them  when  in  that  condition.  In  reality  they  represent 
only  ceil  cavities.  With  their  death,  however,  cells  do  not  lose  their 
importance  to  a  plant.  Without  such  cell  cavities  a  plant  could  not 
e.-cist,  as  they  perform  for  it  the  office  of  water-carriers,  while  at  the 
same  time  exercising  other  functions.  The  necessary  rigidity  of  a 
plant  is  also  dependent,  tu  a  great  extent,  on  the  mechanical  support 
afforded  by  a  iramework  composed  of  dead  cells.  Thus  the  heart  of 
a  tree  consists  exclusively  of  the  walls  of  dead  cella 

The  Protoplasm.— We  naturally  begin  with  that  substance  which 
constitutes  the  living  plant  body,  the  Protopliism,  also  more  shortly 
designated  the  Plasma.  In  order  to  facilitate  an  insight  into  the 
real  character  of  protoplasm,  attentfcn  will  first  be  directed  to  the 
Slime  Fungi  or  fungus  animals  (Mt/xomi/celes),  a  group  of  onanisms 
which  stAnd  on  the  border  between  the  animal  and  vegetable  king- 
doms. These  Myxomycetes  are  characterised  at  one  stage  of  their 
development  by  the  formation  of  a  pIuISMODIUM,  a  large  naked  mass 
of  protoplasm.- 

The  Plasmodium  is  formed  from  the  protoplasm  of  the  spores. 
These  spores  are  unicellular  bodies  {Fig.  62,  a,  h),  filled  with  cytoplasm, 
in  which  lies  a  central  nucleus,  and  are  surrounded  by  tenacious  cell 
walls.!  The  spores  germinate  in  water,  their  contents,  breaking  through 
the  spore  wafts,  come  out  (c,  d}  and  round  themselves  off.  A  change 
of  form  soon  takes  place ;  the  protoplasmic  mass  elongates  and  assumes 
somewhat  the  shape  of  a  pear,  with  the  forward  end  prolonged  into  a. 
fine  whip-like  process  or  flagellum  {e,f,  <j).  Thus  the  content?,  of  the 
spore  have  become  transformed  into  a  swahm-spoke,  which  now  swims 
away  by  means  of  whip-like  movements  of  its  flagellum. 

In  addition  to  the  nncleus,  which  is  visible  in  the  front  end  of 
every  swarm-spore,  a  vesicle  may  be  seen  at  the  other  end,  which,  after 
gradually  increasing  in  size,  suddenly  vanishes,  only  to  swell  again 
into  view.  This  vesicle  is  a  contractile  vacuulk.  The  presence 
of  such  a  contractile  vacuole  in  an  oi^anism  was  formerly  considered 
a  certain  Indication  of  its  animal  nature,  Now,  however,  contractile 
vacuoles  have  been  observed  in  the  swarm-sjwres  of  many  green  Algae, 
of  whose  vegetable  nature  there  can  be  no  doubt. 

The  swarm-spores  of  the  Myxomycetes  soon  lose  this  characteristic 
swarm- movement,  draw  in  their  fli^rella,  and  pass  into  the  amti^ba 
stage  of  their  development,  in  which,  iike  animal  amceba^,  they  assume 
irregular,  constantly  changing  shapes,  and  are  capable  of  performing 
only  amceboid  creeping  movements.  In  the  case  of  Vhrndriiilerma 
(Ufforim,  a  Myxomycete  of  frequent  occurrence  in  rotting  parts 
of  plants  (Fig.  53),  a  number  of  the  amoebis  eventually  collect 
together  (/)  and  coalesce.     In  this  way,  as  is  also  the  case  with 
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most  other  Myxomycetes,  the  amoeb»  ultimately  give  rise  to  a  plas- 
Tnodium  (n). 

Although  each  one  of  the  amcebw  is  so  small  that  it  can  only  be  seen 
with  the  aid  of  a  microscope,  the  plaemodium  into  which  they  become 
united  may  attain  a  size  large  enough  to  be  measured  in  centimetres. 


In  a  single  amieba  .of  the  Myxomycetes,  and  still  Iwtter  in  a 
Plasmodium,  it  can  be  seen  that  the  fundamental  substance  of  the 
eytopUsm  is  hyaline  and  viscid.  Tliis  fundamental  substance  is  called 
UTAfiOFLASM.  The  hyaloplasm  is  denser  on  the  surface  of  tlie  plas- 
i>oduiia, entirely  free  from  granules,  and  forms  a  homogeneous  superficial 
l^er,  sometimes  referred  to  as  the  protoplasmic  mkmbrane.     In  the 
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interior,  on  the  other  hnnd,  the  liyaloplasm  is  thin  and  fluid-like,  it 
contains  numerous  granules,  and  is  then  designated  GRANULAR  PLASM. 
In  the  granular  plnsm  will  be  found  the  nuclei  of  the  various  amcehie 
from  which  the  plasmodium  has  been  fonned. 

'  ■  The  granular  plasni  of  plasmodia  exhibit*  streaming  raovemeuts,  as 
of  different  commingling  currents,  and  aflbrda  a  good  example  of  the 
internal  movements  commonly  siiown  by  living  protoplasmic  masses. 
Thus,  in  addition  to  the  FLAGELLAR  or  CILIARY  Movenusntk,  by  means 
of  which,  as  was  observed  in  the  swarm-sitores  of  Chmnlrkulmm,  a 
change  of  position  is  effected  through  the  whip-like  motion  of  fine 
cytoplasmic  threads,  and  the  creeping  aM(Eboid  Movkmknts,  such 
as  were  also  exhibited  by  Chrmulrioderma  in  the  ama'ba  stage  of 
its  development,  there  may  also  be  recognised,  as  in  the  case  of  the 
Plasmodium,  INTERNAL  PROTOPLASMIC  MOVEMENTS.  A  plasmodium  is 
also  capable  of  creeping  movements.  It  sends  out  new  protrusions, 
and  draws  in  others  previously  formed.  If  two  protrusions  meet, 
they  unite  to  add  a  new  mesh  to  the  network  of  the  plasmodium  {n. 
Fig.  52).  The  viscous  structureless  superficial  pellicle  of  hyaloplasm 
exhibits  only  creeping  movements,  while  internal  protoplasmic  move- 
ments also  take  place  in  the  more  fluid  granular  plasm.  Thus  the 
granular  plasm  is  continually  flowing  in  irregular  currents,  alternately 
towards  or  away  from  the  surface  of  the  plasmodium. 

The  Plasmodium  is  able  to  surround  and  take  within  itself 
foreign  bodies.  These  are  then  enclosed  in  vacuoles  and,  as  far  as 
possible,  digested.  The  granular  plasm  seems  to  be  separated  from 
the  vacuoles  by  a  pellicle  of  h}'alopIasm,  similar  to  that  on  the  surface 
of  the  Plasmodium. 

Protoplasmic  bodies,  or  protoplasts,  enclosed  by  cell  walls,  likewise 
separate  thomseli'es  by  a  similar  hyaloplasmic  pellicle  from  the  cell 
walls  and  sap  cavities,  and  all  other  vacuoles.  The  granular  ]ilasm  is 
accordingly  enclosed  on  all  sides  by  hyaloplasm,  while  the  cell  nucleus, 
with  its  centros]iheres  and  chromatophores,  always  lies  embedded  in 
the  granular  plasm. 

Within  the  walled  protoplasts,  the  granular  protoplasm  often 
exhibits  internal  flowing  movements.  Such  movements  are  especially 
noticeable  when,  by  a  wound,  such  as  might  result  from  a  cut  in 
preparing  a  section,  a  stimulus  is  given  to  the  protoplasm.  In  cells 
in  which  the  protoplasm  forms  only  a  ])eripheral  layer,  there  may 
frequently  be  observed  a  movement  in  a  continuously  circling  direction ; 
this  is  known  as  rotation.  If,  however,  the  sap  cavity  is  jienetiated 
by  bands  or  threads  of  cytoplasm,  the  motion  will  generally  be  of 
that  kind  known  as  ciRCUL.mox,  in  which  case  the  currents  of  proto- 
plasm move  in  sejiarate  courses  with  different  and  freijuently  chang- 
ing directions.  Rotation  is  the  more  frt-queut  form  of  jtrotoplastic 
movement  in  the  cells  of  water-plants,  while  in  land  plants  circulatior 
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A  [Articularly  favuiinible  uiij  it  for  the  at  dy  of  ]<roto[ilaHni  in  circulntiou  is 
aflbnlcd  l>y  the  sttniinHl  hain  of  T  ad  vait  a  rt  jiiiica.  In  I'lch  cell  (Fig.  !>¥) 
•imall,  line  currents  of  protoiilim  flow  in  differ  t  directions  in  the  jieripheral 
fvtoplasiiiic  ioyer,  aa  well  a3  in  tl  e  cjto|  lasn  c  tl  rends,  which  peni'trate  the  up 
cavity.  Theae  cytupl&smie  threads  grnd  uUy  el  ange  their  fomi  and  structure,  and 
thus  alter  the  position  oF  the  cell  nucleus.  The  layers  of  hyaloplasm'  Me])arating 
the  granular  ]ilaiim  from  the  cell  walls  and  the  internal  sap  cavities  do  not,  in  all 
(sases.  take  jHirt  in  any  of  these  eirenlatory  tnuveiiienb'. 

When  the  protoplasm  is  in  rotation,  the  cell  nucleus  and  chroniatophores  are 
usually  carried  along  by  the  current,  yet  there  may  be  an  outer  layer  of  granular 
[ilasni  which  remains  motionless  and  retains  the  chromatophorBs.  This  is  the  ease 
with  the  Stoneworta.-fC»>m(f™f]jjdia5e  longjctcrnodalcells,  especially  in  tlie 
genus  XUellii,  afforO  good  examples  of  ivell-marked  rotation.; 

Active  cytoplasm  is  a.  viscous  substance.  Deprived  of  its  com- 
ponent water  it  becomes  hard  nnd  tenacious,  And, 
without  losing  its  vitality,  it  ceases  to  perform  any 
of  its  vital  functions  until  again  awakened  into 
activity  by  a  fresh  supply  of  water.  In  case  of  a 
scarcitj'  of  water  the  pJasmodia  of  the  Myxomy- 
cetes  may  form  si;;lerotia,  that  is,  masses  of  rest- 
ing protoplasm  of  an  almost  wax-like  consistency. 
Months  and  indeed  sometimes  years  afterwards,  it 
is  (vossible  from  such  aclerolia,  if  wat«r  he  properly 
supplied,  to  again  produce  motile  plasmodia.  Simi- 
larly, in  seeds  kept  for  a  long  time,  the  proto- 
plasm consolidates  into  a  hard  mass,  which  may 
be  easily  cut  with  a  knife,  while  the  nuclei  will 
be  found  to  have  shrunk  and  lost  their  original 
sha[ie.  Nevertheless  the  protoplasts,  afti^r  ab- 
sorbing water,  may  return  again  to  a  condition  of 
activity. 

Protoplasm  is  not  a  simple  substance  chemically ; 
it  consists   luther  of   different  components,   which 
are    subject    to   continual   change   and    in   a  state 
of  mutnal    reaction.      Treated  as  a  uniform  mass,    '''"'Jl^.'j^'^a'ir of"'™* 
protoplasm  always  gives  a  proteid  reaction  ;  when       .u-^,«m    c>rguii.,>. 
incinerated,  fumes  of  ammonia  are  civcn  off.  «ii(.HiiiKiiurieu>.Hii- 

Active  protoplasm  generally  gives  an  alkaline,  and,  imp  "iraoUa.  (k210.) 
under   certain   conditions,   a   neutral    reaction,   but   never 

an  acid  one.  The  protoplasm  of  the  higher  plants  coagulates  at  a  teni]>era- 
ture  not  much  over  .^0°  C.,  in  the  Sehizopliytes,  however,  lisually  not  below 
75'  C.  Id  %  state  of  inactivity,  as  in  spore^  and  weeds,  it  can  endure  a  still 
higher  temperature  without  coagulating ;  when  coagulation  has  once  taken 
place,  death  ensnes.  The  spores  of  many  Bacteria  can  withstand  a  terngs-ra- 
tara  as  high  as  105°  C.  Treated  with  alcohol  or  ether,  or  with  acids  of  detinite 
■paMntrattona,  with  bichromates  of  the  alkali  metals,  or  with  corrosive  sub- 
4ivte,  iRvtoplssni  quickly  coagulates,  while  at  the  same  time  insoluble  proteiil 
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cc  rd    gi)    [  1  J  an  iniiwrtant  jart 

in  micro«;oiiic  techniiiue  ;   of  esjie      1       1 

h      b    b    while   fixing  and 

tl      1  ast  d  Bree.     As  a  fising 

and  hardeniug  reagent  for  regetabl     t 

1    h  1       i>a  t      larly  serviceable  ; 

uuder  certain   conditions,  sublimate     1    h  1 

For  aniniul  cells  and  for  the  lowe    1 1     t.    1  ^ 

t    1     m      acid.  1  i«r  cent 

acetic  acid,  0-6  to  1  |wr  cent  osmic  ai.  d              t 

t*d  1             d,  or  corresponding 

mixtures  of  these  oi'ids.  and  also  1  m    11  h>d 

ar        ed  f      the  same  purjHise. 

loiline  Htains  proto[<la«ni  browniBli  j  11             tn 

d   f  11     ed  by  caustic  jiotash. 

yellowish  brown  ;  sulphuric  acid,  if  sugar  be  |i 

iresent,  rose  rwl.     Acid  nitrate  of 

mercury  (MiLLOS'fi  reagent)  gives  to  protoj)loiim  a  brick-red  colour.  Treated  w 
copper  sulphate,  followed  by  caustic  potash.  proto]>1aam  is  coloured  violet ;  with 
an  a<tueouB  or  alcoholic  solution  of  alloxsin,  red.  Aromatic  aldehydes  in  thv 
presence  of  a  reagent  for  eHecting  condensntion,  inch  as  sulphuric  or  hydrochloric 
acid,  and  an  oxidising  subKtance  ora  higher  chloride,  also  proiluce  in  protoplasm 
characteristic  colour  reactions  ;  thus,  benzakk-hyde  girex  a  blucgreeli  to  blu<> : 
pijieroual,  a  violet-blue  ;  vanillin,  a  violet  or  violet-blue  reaction.  Protoplasm  is 
soluble  in  dilute  caustic  jiotaith  and  also  in  eau  de  Javvlle  (|iotaBsiuiu-bj'|n)- 
cblonto),  and  accordingly  both  of  tliese  reagents  may  be  recommended  for  clearing 
apecinicns,  when  the  cell  contents  is  not  to  be  investigated.  All  of  the  above- 
mentioned  reagents  kill  protoplasm  ;  until  they  liave  done  so,  their  characteristic 
reactions  are  not  manifested.  In  their  greater  or  less  resistance  to  th«  action  of 
Hol\  ents,  in  the  degree  of  tlieir  sensitiveness  to  reagents,  and  in  tlie  intensity  of  the 
reactions,  the  \arious  constituents  of  protoplasm,  cytoplasm,  nucleus,  centrosphercK, 
and  cbromatophores  differ  from  one  another,  and  thus  a  means  ot  determining 
their  coni[>oneut  substances  is  afforded.  Acor>rdiiigly  a  large  number  of  albuminous 
bodies  or  albuminates  have  been  named  which  are  said  to  enter  into  the  conijiosi- 
tion  of  living  protoplasm.  It  is  worthy  of  note  that  these  eoni|iouiids,  although 
still  for  the  most  part  not  fully  determined,  all  contain  phosphonia.  Such  as  are 
[leculiar  to  the  nucleus  have  been  comprehended  under  the  term  M'i'LEIH.  Stain- 
ing reagents  have  also  l>ecome  an  important  help  to  uiicroacopic  iiiveHtigatious  for 
determining  the  com]>OBitiou  of  protoplasm.  This  is  due  to  the  fact  that  the 
dilferent  constituents  of  protoplasm  take  up  and  retain  tbe  stain  with  different 
degrees  of  intensity  and  energy.  As  a  general  rule,  only  coagulated  protojilasm 
can  absorb  colouring  matter,  although  some  few  aniline  stains  can,  to  a  limited 
extent,  pe^Mate  living  protoplasts.  For  staining  vegetable  protoplastic,  which 
have  been^^Hously  hardened,  the  various  carmines,  hiematoxjlin,  iodine  green, 
acid  fuchsi^ffosiu,  methylene  blue,  and  aniline  1>lue,  hare  been  found  particularly 
convenient.  Tbe  different  components  of  the  protoplasm  absorb  the  stains  with 
different  intensities,  and,  when  reagents  art  employed  to  reniovc  the  colouring 
matters,  they  exhibit  differences  in  their  [lower  to  retain  them.  The  nucleus 
generally  becomes  more  intensely  coloured  than  the  rest  of  tbe  protoplasm, 
especially  a  [art  of  its  substance,  which  is  therefore  called  Chhcimatin.  The 
chromatin,  moreover,  is  not  aHccted  by  gastric  juices  u'or  by  solutions  of  jiepsin 
containing  hydrochloric  acid,  although  both  cytoplasm  and  chromatophores  *re 
at  once  digested  by  them.  On  the  other  hand,  with  a  trypsin  solution,  chromatin 
is  quickly  dissolved.  In  addition  to  those  substances,  which  are  to  lie  regarded 
as  integral  parts  of  active  protoplasm,  it  always  includes  derivative  products  of 
albuminates,  particularly  amides,  as  as|>aragin,  glutamiu ;  also  ferments,  an 
diaistose,  |iepHin,  invertin  ;  at  times  alkaloids,  and  always  carbohydrates  and  fats. 
The  ash  left  after  incineration  also  shows  that  protoplasni  always  contains  mineral 
matter,  even  if  only  in  small  quantities.     All  siilistances  which,  as  such,  di>  not 
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enter  directly  into  tbe  oomnoaitiod  of  protoplasni,  Imt  we  only  included  witliiu  it, 
arc  designated  by  the  term  MKrAPLANSC. 

The  Cytoplas^. — In  describing  tlie  cytoplasm  of  the  plasmodia  of 
the  Myxomycetes  and  of  the  walled  protoplasts  of  vegetable  cells, 
mention  has  been  made  of  a  hyaline  fundamental  subst'iiice,  the 
hyaloplasm,  which  forms  a  superficial  layer  on  the  surface  of  the  cyto- 
plasm entirely  free  from  granules,  while  in  the  interior,  as  granular 
plasm,  it  includes  granular  matter.  The  cytoplasm  was  likewise 
shown  to  be  a  viscous  substance,  in  which  internal  streaming  move- 
ments of  the  particles  take  place,  while  at  the  same  time  its  supei-ficial 
layer  of  hyaJoplasm  remains  unchanged.  In  accordance  with  its 
viscous  fluid  character,  cytoplasm  possesses  certain  physical  i>ecnli- 
arities.  If  cells  full  of  protoplasm  be  opened  under  water,  the  out- 
flowing cytoplasm  assumes  the  form  of  a  drop. 

The  cytoplasm  in  the  cells  of  many  Algae  has  a  structure  resembling 
that  of  foam,  while  in  the  higher  plants  it  is  no  less  distinctly  fibrillar 
in  structure,  and  composed  of  protoplasmic  threads.  In  both  cases 
the  chambers  or  spaces  enclosed  by  the  foam-like  or  thread-like 
cytoplasm  are  tilled  with  sohiltoDB  of  various  substances.  All  the 
granular  iuclusions  lie  in  the  cytoplasm,  either  in  the  walls  of  the 
cytoplasmic  chambers  or  in  the  cytoplasmic  threads. 

The  small  granules  which  are  never  absent  from  the  granular 
plasm,  and  give  to  it  its  name,  are  calted  MtCROSOJiES.  As  they  show 
different  chemical  reactions,  it  is  inferred  that  they  have  also  different 
chemical  organisations.  Sometimes  they  appear  to  be  vesicles  filled 
with  liquid,  and  are  their  termed  PHYSODHS.  In  the  cells  of  many 
Algae  such  vesicles  attain  a  considerable  size,  and  undergo  modifica- 
tions of  their  shapes. 

Large  vesicles  or  vacuoles  filled  with  watery  solutions  are  found 
in  the  cytoplasm.  The  cytoplasm  separates  itself  from  such  vacuoles 
by  means  of  a  protoplasmic  membrane  or  pellicle  of  hyaloplasm. 
The  sap  cavities  in  the  cells  of  the  more  highly  organised  pknts  are, 
in  this  sense,  merely  large  vacuoles.  The  protoplasmic  membranes 
which  surround  the  vacuoles  are  particularly  tenacious  of  life  ;  thus 
after  the  other  cytoplasm  of  a  cell  has  been  killed  with  a  10  per  cent 
solution  of  saltpetre,  the  walls  of  the  vacuoles  will  still  continue 
living.  As  the  pressure  of  the  cell  sap  is  controlled  by  these  living 
■  vacuolar  membranes,  H.  DE  Vriks  has  given  them  the  name  tono- 
Pi.Afrrs.  Through  the  division  of  the  cytoplasm  its  tonoplasts  may 
become  bisected,  and  in  this  way  multiply.  On  the  other  hand,  a 
single  large  vacuole  may  result  from  the  fusion  of  several  smaller 
ones.  It  has  also  been  demonstrated  by  Pfeffer  that  new  pellicular 
membranes  may  be  formed  around  liquid  substances  in  the  cytoplasm. 

The  Cell  Nucleus. — The  nucleus  is  in  all  cases  fibrillar  in  struc- 
ture. It  appears  to  be  made  up  of  threa<:ls  twisted  together  and 
fooDiug    an    anastomosing    network    (Fig.    Hi),    which,    however,  in 
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living  objects  can  only  l>e  distinguished  by  the  jiuncUited  appearance  it 
gives  to  the  nucleus.     Streaming  movements  do  not  take  place  within 
the  nucleus.     An    insight   Into   the  nuclear 
structure  is  only  to  be  attained  with  the  help 
of  properly  fixed  and  stained  prejarations.    It 
is  then  possible  to  determine  that  the  greater 
part  of  this  nuclear  network  is  composed  of 
I   delicate  and,    for  the    mo.st    part,    unstained 
threads,  in  which  lie  deeply  stained  grannies. 
The  substance  of  the  threads  has  been  distin- 
guished as  LININ'  (f),  that  of  the  granules  as 
CHRDMATiN  (cA).     One  or  more  large  nuclear 
bodies,  or  nucleoli  (ii),  occur  at   the  inter- 
r  sections  of  some  of  the  Hnin  threads  which, 
-  although  deeply  stained,  have  not  taken  the 
'  same   tint  as   the  chromatin   granules.     The 
',   network    of    the    nucleus    lies    within    the 
■  NL'CLEAR  CAVITY,  which  is  filled  with  nuclear 
sap    and    surrounded    by  a    membrane    (w). 
Although  this  is  generally  spoken  of  as  the 
mbrane,  strictly  speaking  it  is  a  part  of  the  surrounding 
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cytoplasm,  and  is  the  protoplasmic  layer  or  pellicle 
cytoplasm  separates  itself  from  the  nuclear  cavity. 

The  Centrospheres. — The  existence  of  these  bodies, 
acknowledged  in  animal  cells,  is  generally  ad- 
mitted in  the  case  of  all  vegetable  cells,  altlfongh 
their  demonstration  has  not,  in  all  cases,  been 
successful.  They  foim,  as  GuitiSARD  in  [wirli- 
cular  has  shown,  two  small  homogeneous  spheres 
lying  near  the  nucleus  and  embedded  In  the 
cytoplasm.  Each  centros))liere  has  in  its  centre 
a  body  termed  the  cextrosomk  (.-,  I'igs.  50,  54), 
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the  successful  fixing  and  staining  of  the  centro- 
spheres in  vegetable  cells  require  extreme  care, 
their  detection  in  the  granular  cytoplasm  is 
rendered  difficult. 

The  Chromatophores.  —  In  the  embrj'onic 
cells  of  growing  points,  where  the  chromatophores 
{Fig.  50,  ''A)  are  principally  located  aiound  the 

nucleus,  they    first  appear '  as  small    colourless    t  t     wii  fra   a 

highly  refractij'e  bodies ;  and  in  the  embn  onic       '''J    '^  *  ""      J*'"'; 
cells    of    ovules,  they    have    a    similai    appear  n  ►  a    c    so  ) 

ance.     They  rnay  retain  the  same  ap]warance  in 
older  cells  (Fig.  10-1,  A,  I),  but  in  them  they  also  attain  a  further 
development.     CHLonrirLAKTS,  i.eijcopl.\.sts,  or  t^HROMOPLAsrs  may 
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be  developed  from  a  similat-  original  substance ;  tliey  nre  all  included 
in  the  one  term,  CHRomatoi'Hores. 

In  parts  of  plants  which  are  exposed  to  the  light  the  chromato- 
phores  usually  develop  into  cblorophjll  bodies  or  C^LoRuPLAsts.  These 
are  generally  green  gninwles  of  a  srfmewhat  flattened  elli|)soidal  shape 
(Fig.  55),  and  are  scattered,  in  great  numlwrs,  in  the  parietal  cytoplasm 
of  the  cells.  All  the  cfaloroplasts  in  the  Cormopliytes  and,  for  the  most 
part  also,  in  the  green  Thallopliytes  present  this  same  granular  form. 
In  the  lower  Algae,  however,  the  chlorophyll  bodies  may  assume  a 
band-like  (Fig.  235),  stellate  or  tabular  shape.  The  fundamental^ 
substance  of  the  chlorophyll  bodies  ia  itself  colourless,  but  contains 
numerous  coloured  drops,  which  are  termed  grana.  These  consist 
of  an  oleaginous  substance,  which  holds  vitrioiis  pigments  in  solution  ; 
a  green,  known  as  chlorophyll  or  chlorophyll-green;  a  yellow,  called 
xanthophyll ;  and  a  reddish  orange,  termed  carotin.  These  colouring 
substances  may  be  extracted  by  means  of  alcohdl,  leaving  only  the 
colourless  plasmic  substance'  of  the  cJiloropliyll  body  remaining. 

Til*  I'asieat  way  in  ivliicli  a  solution  of  chlorophyll  nan  he  projiftred,  ia  to  evtract 
tile  chlorophyll  by  means  of  alcohol  from  gruen  Icavfa  that  have  been  previously 
boiled  in  water.  The  green  chloropliyll  pigment  is  also  soluble  in  ether,  fatty 
anil  ethereal  oils,  )«nSiDe,  j>etroleiuu,  and  L-arbun  diaulphidu.  The  alcoholic 
«olutioDS  appear  green  in  trananiitted  liglit ;  blood  red  in  reHei'tcd  light,  on 
acconnt  of  fluorescence. 

If  a  ray  of  sunlight  he  iiiaiie  to  pass  tliroiigh  a  tolerably  thick  layer  of  an 
alcoholic  solution  of  chloro]iliyll,  and  then  dcxoniiiofled  by  a  prism,  tlie  resulting 
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H|Hctrum  will  show  seven  absorption  Imuds  (Fig.  58).  Tlie  darkest  band  extends 
from  FKAL'MHonts's  lino,  B,  to  some  distance  lieyonil  the  line  C.  The  other  bands 
are  not  no  intense :  one  lies  betwten  C  aurl  ;;,  another  near  />,  and  one  near  £, 
while  the  other  tliri'e  bonds  are  broader  and  cover  alniost  the  whole  blue  half  of 
the  spectra  m. 

If  benzole  be  added  to  an  aleuliolic  solution  of  chloniphyU,  prepared  na  directed 
above,  and  tile  mixture,  after  iR'ing  well  shaken,  u  alloived  to  settle,  the  bemole 
Mill  be  found  to  have  taken  up  the  chlorophyll  pi(;nient  and  the  carotin,  while  the 
XKBthophyll  will  be  left  in  the  alcohol,  and  vril!  eolleet,  as  a  yellow  solution,  in  a 
lajw  below  the  green  benzole.     The  amount  of  chlorophyll  in  ii  green  plant  ia 
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VBiy  aiiiall,  Txchihih  iias  calculated  that  out  of  a  square  metre  of  green  foliage 
Ipaves  only  from  0"1  to  0'2  grams  of  chlorophyll  can  be  obtained.  Acida  decompose 
chlorophyll ;  contact  evi-ii  with  the  acid  cell  sap  ia  Hufficicot  to  cliangc  the  colour 
of  the  chlorophyll  liodies  to  a  hron'uish  green.  It  is  due  to  this  fact  that  a  plant 
turns  hroivn  wheo  di'ied. 

The  green  colour  of  the  chlorophyll  in  some  groups  of  Algae  is 
more  or  less  masked  by  other  pigments.  In  addition  to  the  chlorophyll 
gi'een,  witli  its  accompanying  yellow  and  orange-red  pigments,  many  of 
the  blue-green  Schkophyceae  contain  a  blue  colouring  matter,  phyco- 
cyanin ;  the  brown  Algae,  a  brown  pigment  called  phycophtein  ;  while 
the  red  Algae  possess  a  red  pigment  termed  phycoerythrin.     These 


pigments,  which  are  peculiar  to  Algae,  are  soluble  in  water,  and  ftre 
characterised  by  a  beautiful  fluorescence.  The  phyeocyanin  maj  often 
be  found  as  a  blue  border  surrounding  a  blue-green  Fission-Alga 
which  has  been  dried  in  a  press.  Ked  seaweeds  washed  up  by  tlie 
ocean  soon  become  green,  as,  owing  to  the  rapid  decomposition  of  the 
phycoerythrin,  the  chlorophyll  is  no  longer  concealed. 

Before  leaves  fall  in  the  autumn,  their  cells  lose  almost  all  of 
their  cytoplasmic  contents,  and  at  the  same  time  the  chloroplasts 
undergo  disorganisation.  There  remains  only  a  waterj-  substartce  in 
t!ie  cell  cavity,  in  which' a  ftw  oil  globules  and  crystals,  together 
with  a  few  yellow,  strongly  refractive  bodies,  can  I)e  seen.  -Sometimes 
this  liquid  in  the  cell  cavities  becomes  led,  and  thus  imparts  to  the 
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foliage  its  autnmnal  brilliancy.  In  the  leaves  of  coiiiterotis  trees, 
whifh  only  indicate  the  approaching  winter  by  assuming  a  somewhat 
brownish  tint,  the  case  is  different.  The 
chlorophyll-green  of  their  chloroplastR  changes 
to  a  brownish  green,  but  in  the  folloi 
spring  regains  its  characteristic  colour. 

In  such  phanerogamic  parasites  oi'  humus- 
plants  as  are  devoid  of  green  colour,  the 
chloroplasts  either  do  not  develop,  or  they 
are  white,  or  have  only  a  brownish  or  green- 
ish colour.  No  "chromatophores  are  found 
m  the  Fungi. 

In  the  interior  of  plants,  where  light 
caiinot  penetrate,  LEUCOPLasts  are  developed 
instead  of  chloroplasts  from  the  rudiments 
of  the  chromatophores.  They  are  of  a  denser 
consistency  than  the  chloroplasts,  and  re- 
sembling a  flattened  ellipsoid  in  shape,  are 
often  somewhat  elongated  in  consequence  of 
enclosed  albuminous  crystals.  If  the  leuco- 
plasts  become  at  any  time  exposed  to  the 
light,  they  not  infrequently  change  into 
■ .  chloroplasts.  This  frequently  occurs,  for  ex- 
ample, in  potatoes. 

The  CHROMOPLASTS  of  most  flowers  and 
fruits  arise  either  directly  from  the  rudiments 
of  colourless  chromatophores,  or  from  pre- 
viously formed  chloroplasts.  In  shape  the 
chromoplasts  resemble  the  ellipsoidal  granules 
of  the  chloroplasts,  except  that  they  are 
usually  smaller  i  or,  in  consequence  of  the 
crystallisation  of  their  colouring  pigment,  they  kh:.  «o.— a  c*n  of  n."(»,j>"™ 
assume  •  triangular,  tabular,  needle,  or  fan-  jfoMcmiri,  iixedwitiiiiierwiii 
shaped  form  (Figs.  57,  5S,  59).  The  colour  of  ^™;;|; '^,|^.^i;i"!';r'cT.'.il! 
the  chromoplasts  varies  from  yellow  to  red,  mii<iphor«t;  ]>,  pymiui'<i>: .-, 
according  to  the  predominance  of  xanthophyll  "tnreu bihii".  (x  nn.y 
or  carotin. 

The  name  carotin  has  been  derived  from  the  Carrot  (Diiikuk 
Carola),  in  the  roots  of  which  it  is  particularly  abundant  (Fig.  59). 
The  frequent  crystalline  form  of  the  chromoplasts  is,  in  a  great  part, 
due  to  the  tendency  of  carotin  to  crystallisation,  although  it  may  be 
also  occasioned  by  needle-like  crystals  of  albumen.  Xanthophyll, 
however,  is  never  present  in  the  chi-omoplasts  except  in  an  amorphous 
conditio!). 

'  .JblltlDiicleaF  Cells.  —  While  the  cells   of   the   Cormophytes   ai'e 
daiplt  exclusively  uninuclear,  in  the  Tballophytes,  on  tlie  contrary. 


^A^jiWk 


CoOgiQ 


HOT ANY 


multinuclear  cells  are  by  no  means  infrequent.  In  the  Fungi,  and  in 
the  Siphoneaf  among  the  Algae,  they  are  the  rcile.  The  whole  plant  is 
thus  composed  either  of  but  one  single  multi- 
nuclear  cell,  which  may  be  extensively  branched 
(Fig,  250),  or  it  may  consist  of  a  large 
number  of  multinuclear  cells,  forming  together 
one  organism,  Tims,  aft«r  suitable  treatment, 
several  nuclei  may  be  detected  in  the  peri- 
pheral cytoplasm  in  the  cells  of  the  common 
filamentous  fresh-water  Alga  CUidoplun-a  fflonu-  ■ 
rufa  (Fig,  6,  p.  12)  (Fig.  60). 

The  nuclei  of  the  long,  multinuclear  cells 
(Fig,  61,  n)  of  fungoid  filaments,  or  hyph*, 
and  also  of  many  i^iiplnmea*;  are  characterised 
by  their  diminutive  size. 

The   Origin  of  the  Living  Elements   of 

Protoplasm. — Every  nucleus  in  an  organism 

owes  its  origin  to  the  nucleus  of  the  germ 

cell  (egg  or  spore)  ;   the  nuclei  of  the  germ 

cells  are  descended  from  the  nuclei  of  previous 

jacent  ceiiKiimhypiufroni  generations.     The  spontaneous  Ibrmation  of  a 

the  Btaiii  nf  a  Muaiiroom,  nucleuB    never    takes    place.      In   the    same 

c^"'^piu!'""!M.) ' "    manior,  the  cytoplasm  of  every  organism  is . 

derived  from  the  cytoplasm  of  the  germ  cell, 

and,  so  far  as  is  yet  known,  both  ccnti'ospheres  and  chromatophot 

take  their  origin,  each  only  from  \t»  owit  kind. 

Nuclear  Division. — Except  in  a  few  limited  cases,  nuclei  reproduce 
themselves  by   MITOTIC  or   INDIRFLT  division.      This  procisl,  often 
referre<l  to   as   K.aryokinesis,  is   somewhat  complicated,  bub  e 
necessary  in  order  to  effect  an  e([ual  division  of  the  suhstiine^.  of  li 
mother  nucleus  between  the  two  new  daughter  nuclei.     In  itsjp" 
features  the  process  is  similar  in  plants  and  animals.         > 

In  vegetable  cells,  the  threads  composing  the  nuclear  i; 
56)   first  become   thicker  and  cori-ospondingly  shorter  (1 
the  anastomosing  connections  forming  the'  meshes  are  d 
the  thread  itself   straightens  out  and    becomes    less  T 
in   consequence    more    easily    distinguished.     At^  tb^  ;| 
amount  of  the  chromatin  increases,  and  tliis  increase' 
absorbing  etuin^.      Finally,  the  chromatin  aubstao^  b^ 
becomes  arranged  in  parallel  discs  {A)  united  by  l{in.*'1 
itself  then  divides  tragsversely  into  a  definite  nbo^ti'^ 
the   CHROMOSOMES  (2,  3)i_  which  thereupon  rarigl*" 
plane  in  a  special  manner^  and  form  the  so-called  1 
(.t).     Hen,  or  sometimes  before,  the  segments  dijade  X 
(-1,  B,  (■-'),  and  the  halves  thus  produced  separate  (e)  f 
in  opposite  directions  to  form  the  dau^ter  Aualei. 
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In  the  meantime  other  definite  processes  have  been  taking  place  j 
while  the  thread  of  the  nuclear  network  has  been  shortening  and  dis- 
entanglii^,  the  two  ceiitroapherea  (1,  c),  previously  lying  together  close 
to  the  nuclear  membrane,  have  separated  and  taken  up  a  position 
opposite  each  other  (2,  c).  Tliey  constitute  the  poles  of  the  division 
figure.  Beginning  at  these  two  points,  the  nuclear  membi'niie  dis- 
appears, and  the  nucleoli  also  become  more  or  less  completely 
dissolved,  influenced  in  all  probability  by  the  centrospheres.     SrrxDLK 


(WKBB-Hien  arise  from  protophisinic  threads  found  within  the  nuclear 

dnfff^  <pK9umabIy   with  the  co-operative  activity  of    the  nucleolar 

TlWt^rffi"    .The  spiudle  fibres  converge  totvanls   both  poles  of   the 

;t  4n^aiiJ|gl^,  and,  viewed  as  a  whole,  they  lic^ve  the  form  of  a  spindle. 

|''.VlKkt,Miid^af  the  spindle  fibres  extend  uninterruptedly  from  pole  to 

^L^^o'''^,ijtt^«^ become  connected  with  the  chromosomes..    Through  this 

^  STiiit  of  tbe  spindle  fibres,  the  positiun  of  the  iLUclear'''platc  in 

tatonal  plane  of  the  spindle  figure  is  determined ;  while  l)y  the 

Lction  of  the  spindle  fibres  in  connection  witli  the  chromosomes. 
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the  longitudinal  halves  of  the  chromoaomea  are  drawn  in  opposite 
directioiia  towards  either  pole  of  the  division  figure  (5,  6,  7).  In  the 
proceaa  of  tliia  movement  of  the  chromosomes  towards  the  poles,  the 
other  continuous  spindle  fibres  seem  to  serve  as  supports.  Before  the 
chromosomes,  however,  reach  the  poles,  a  division  of  the  centroapherea 
(5),  commencing  with  their  centroaomea,  takea  place,  so  that  two 
ceiitrospheres  are  previously  provided  for  each  new  daughter  nucleus. 

Ill  the  nuclei  of  vegetable  cells,  the  iiriniary  spindle  fibres  couneeted  with  the 
chromosomeH  unite  with  the  tipindle  tibreu  extending  from  pole  to  jiole.  Tlic  number 
of  these  secondary  8|>indle  fibres  conesjioiidii  irith  the  number  of  the  chromosomes. 

In  forming  the  daughter  nuclei,  the  free  enda  of  the  chromosomes 
first  become  drawn  in  (8),  and  the  surrounding  cytoplasm  separates' 
itself  by  means  of  a  protoplasmic  membrane  (9)  from  the  developing 
nuclei.  AVitbin  the  nuclear  cavities  which  are  thus  produced  the 
chromosomes  elongate  (10),  and  joining  together,  end  to  end,  become 
again  intertangled.  The  chromatin  aiibstance  is  diminished  in  quantity, 
nucleoli  at  length  appear  in  the  enlarging  nuclei,  and  finally  a  con- 
dition of  rest  is  again  reached. 

The  eliHUges  occurring  in  a  mother  nu^^lis  preiiariktory  to  division  aio  termed 
the  PKOPBASES  of  the  karyokitteiiis.  These  ehang#8  extend  tu  the  formation  of  tlie 
nuclear  plate,  and  include  also  the  process  of  the  longitudinal  divtaion  of  the 
chroTQQaomes.  The  se{iaration  of  the  daughter  chroniosomos  in  Bccoiu]>]ished  in  the 
)[E'J'APHASES,  and  the  forinatioD  of  the  daughter  nuclei  in  the  aS'ai'hases  of  the 
karyokincsis.  The  real  pur[)0«e  of  the  whole  jirooesa  is  consummated  in-  the 
4Uantilatire  and  ijualitntive  division  of  tlie  chromosomes,  resulting  from  their 
longitudinal  segmentation  (4,  B,  C).  The  auapliases  of  the  kaiyokiiieais  are  but  a 
reverse  repetition  of  the  prophases.  Exceptions  to  the  jiroccss  as  here  described, 
are  not  of  special  importance,  and  need  not  lie  dJHCUssed. 

In  addition  to  the  mitotic  or  indirect  uuclear  divtaion  there  is 
also  a  DIRECT  or  amitotic  division,  sometimes  called  Fragmenta- 
tion (Fig.  63).  It  usually  occurs  in  old  cells,  or  in  cells  in  whicli  the 
cell  contents  become  disorganised  shortly  after  the  nuclear  diviaion. 

Instructive  examples  of  direct  nuclear  division  are  afforded  by  the 
long  intemodal  ceils  of  the  Stoneworts  (t'liarac-'i-r),  and  also  by  the 
old  internodal  cells  of  TnuleKcantUt  (Fig.  fi-3). 

The  direct  nuclear  division  is  chiefly  a  process  of  constriction 
which,  however,  need  not  result  in  new  nuclei  of  equal  size.  In  the 
case  of  the  ytoneworts,  after  a  remarkable  increase  in  the  size  of  the 
tmclens,  several  successive  rapid  divisions  take  'place,  so  that  a  ( 
tinuoiis  row  of  bead-like  nuclei  results.  The  old  internodal  cells  of  J 
Ihidfminfia  (Fig.  63)  very  frequently  show  half-constricted  nuclei 
irregular  shape.  While  in  uninuclear  cells  indirect  nuclear  tli* 
as  ft  rule,  followed  by  cell  division,  tbi-  is  not  the  case 
nuclear  division.  ■ 
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Cell  Division. — In  tlie  uninuclear  cells  of  the  Cormophjtes,  cell 
division  and  nuclear  division  are,  generally,  closely  aaaociated  as  jKirts 
of  one  and  the  same  act.    The  spindle  fibres  extending  from  pole  to 
pole  persist  as  connkcting  fibres  be- 
tween   the    developing  daughter  nuclei    . 
(Fig.    C2,    6,    7).      The  number   of  the    | 
connecting  fibres  is  increased  by  the  in- 
terposition of  others  in  the  equatorial      :  y — -^ 
plane.      In  consequence  of  this  a  barrel-    |'   ;        '^ 
shaped    figure  is  formed,   which    either    l!    ~^^ -J  ■"■ 
separates  entirely  from  the   developing    I;  ''^ 

(laughter  nuclei,  or  remains  in  connection    11 
with   them   by  means   of  a   peripheral    '   '_. 
eheath,  the  CONNECTING  UTRICLE.     The    |    ■ 
first  is   the  case  in  cells  rich  in  cylo-  |  | 
plasm,  the  latter  when  the  cells  are  more   |    ' 
abundantly  supplied  with  cell   sap. 
the   same    time    the    connecting   fibres  I 
become  granularly  thickened  (8,   9) 
the  equatorial  plane,  and  form  what  is   j 
known  as  the  CELL  PLATE.     In  the  case    ' 
of  cells  rich  in  protoplasm  or  small  in 
diameter,  the  connecting  fibres  become  f'"'  '»■— ow  coiii  from  un^  ~t.'iii  of 
more  and  more  exteniled,  and  touch  the      nrc'ieHirpro««ii''or"iirMi  (ii'\^»io"f 
celt  wall  at  all  points  of  the  equatorial       (kmo.) 
plane  (10).    The  granular  elements  of  the 

cell  plate  then 'unite  and  form  a  partition  wall,  which  thus  SIMUL- 
TANEOUSLY divides  the  mother  cell  into  two  daughter  cells  (10).  If, 
hoivever,  the  mother  cell  has  a  large 
sap  cavity,  the  connecting  utricle 
cannot  at  once  become  so  extended, 
and  the  partition  wall  is  then  formed 

, ,  SUCCESSIVELY  (Fig.   64).      In  that 

{^^^■-.  -'\  \J9^^  \        ^P^    case,    the    partition   Wall    first  com- 

raK~ "'     \  ^.  9ir\  ~^M    '"^"'^^^  *°  ^'^'"'^  ^^  *^^  P"'"*  wliere 

\^r'\  \\  V  -    "'^^    the  utricle  is  in   contact  with  the 

side  walls  of  the  mother  cell  (Fig. 

64,  A).     The  protoplasm  then  de- 

'   taches  itself  from  the  part  of  the  new 

ivall  in  contact  with  the  wall  of  the 

mother   cell,    and    moves  gradually 

across  until  the  septum  is  completed  (Fig.  64,  B  and  C);  the  new 

vail  is  thus  built  up  by  sitcceesive  additions  from  the  protoplasm. 

^     In  the  Thallophytes,  even  in  the  case  of  uninuclea;^^  ao  ti^e  parti- 

*™i  wall  is   not  formed  within  connecting  fibres,  _^^   cytopM'^''^'' 

lltaneoualy  from  a  previously  formed  cytopjjjif  ^y'\^A^  a  cell  wail''' 
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ceasively,  by  means  of  diaphragm-like  projections  from  tlie  wall  of  the 
mother  cell.  It  was  a  division  process  of  this  kiod  (Figs,  65,  66), 
first  investigated  in  freah-water  Algae,  that  gave  rise  to  the  conception 
of  cell  division,  which  for  a  long  time  prevailed  in  both  animal  and 
vegetable  Histology.  In  tliis  form  of  cell  division  the  new  wall  com- 
mences SIS  a  ring-like  projection  from  the  inside  of  the  wall  of  the 
mother  cell,  and  gradually  pushing  further  into  the  cell,  finally  extends 
completely  across  it  (Figs,  65,  66).  In  a  division  of  this  sort,  in 
uninuclear  cells,  nuclear  division  precedes  cell  division,  and  the  new 
wall  is  formed  midway  between  the  daughter  nuclei  (Fig.  65).  In 
the  multinuclear  cells  of  the  Thallophytes,  on  the  other  hand,  although 
the  nuclear  division  does  not  differ  from  that  of  uninuclear  cells,  cell 
division  (Fig.  66)  is  altogether  independent  of  nuclear  division.  And 
in  multinuclear,  unicellular  Thallophytes,  nuclear  division  is  not  fol- 
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lowed  by  a  cell  division.  The  interdependence  of  nuclear  and  cell 
division  in  uninuclear  cells  is  necessary  to  ensure  a  nucleus  to  each 
daughter  cell.  In  multinuclear  cells  it  is  not  essential  that  cell 
division  should  always  be  accom]3anied  by  imelear  division,  as  in  any 
case  sufficient  nuclei  will  be  left  to  each  daughter  cell. 

Free  Nuclear  Division  and  Hulticellular  Formation. — The  nuclear 
division  in  the  multinuclear  cells  of  the  Thallophytes  may  serve  as  an 
example  of  free  nuclear  division,  that  is,  of  nuclear  division  unaccom- 
panied by  cell  division.  In  plants  with  typical  uninuclear  cells, 
examples  of  free  nuclear  division  also  occur ;  although,  in  that  case, 
the  nuclear  division  is  customarily  followed  by  cell  division.  This  is 
often  the  case  in  the  formation  of  germ  cells,  and  is  due  to  the  fact 
that  whi'gt,j,'pg  nuclei  increase  in  number  this  process  is  not  accom- 
P*"'^'a(e  followeeJP'""^'''^  ^^^^  division.  When,  however,  the  number 
**^olear  division.  ■      '"ted;    then    the    cytoplasm    between    the    nuclei 
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divides  aimultaQeonslj'  into  as  many  portions  as  there  are  nuclei.  In 
this  process  we  have  anexample  of  miilticeDular  fonnation.  This  method 
of  development  is  eapecially 

instructive  in  the  embryo-sac  ^^      '  ' 

of  Phanerogams,  a  cell,  often 
of  remarkable  size  and  rapid 
growth,  in  which  the  future 
embryo  is  developed.      The     v 
nadeos    of    the    embryo-sac 
divides,    the     two    daughter     - 
nuclei    again    divide,    their 
successors    repeat   the    pro-     ■ 
cess,  and  so  os,  until  at  last 
thousands  of  nuclei  are  often 
fonned.        No    cell    division 
accompanies   these   repeated 
nuclear    divisions,    but    the' 
nuclei  lie  scattered  through- 
out    the      peripheral,     cyto- 
plasmic    lining    of    the    em- 
bryo-sac.   When  the  embryo- 
sac    ceases    to    enlarge,    the  ^ 
nuclei    surround    themselves  '    ' ' 
with      connecting      strands,   "'"■  ^T.-Poro™  otii..  i«ripb.»i  prowpiun.  ofth. 

»  •         ambryo-MC  of  ilranin   oJorafa,  •bowing   the   coiii- 

which      then       radiate      from         nieDcementormaltlcclluliirfaniiition.    <x  =10.) 

them  in  all  directions  (Fig. 

67).  Cell-plates  make  their  appearance  in  these  connecting  strands, 
and  from  them  cell  walls  arise.*  In  this  manner  the  peripheral  proto- 
plasm of  the  embryo-sac  divides,  simultaneously,  into  as  many  cells 
ss  there  are  nuclei. 

Various  intermediate  stages  between  aimultaueous,  multicellular  forniatioD  and 
auecessive  cell  division  can  often  bu  observed  in  an  embryo-sac.  Where  the 
embryo-sac  is  Hmall  and  of  stow  growth,  successive  cell  division  takes  place,  so  that 
multicellular  fonnatian  may  be  regarded  as  but  an  accelerated  form  of  successive 
uell  division,  induced  by  an  e.itremuly  rapid  iocreaae  in  tbe  size  of  the  sap  cavity. 

Free  Cell  Formation. — Cells  produced  by  this  process  differ  con- 
spicuously from  those  fonned  by  tbe  usual  mode  of  cell  division,  in 
that  the  free  nuclear  division  is  followed  by  the  formation  of  cells  which 
have  no  contact  with  each  other.  This  process  can  be  seen  in  the 
developing  embryo  of  the  Gymnospenns,  in  Eplu^ya,  for  example,  and 
also  in  the  formation  of  the  spores  of  the  Ascomyciks.  In  the  case  of 
Ephedra  there  first  occurs  a  free  division  of  the  nucleus  of  the  fertilised 
^ ;  each  daughter  nucleus  then  divides  once  or  twice,  bo  that  four 
01  eight  nuclei  are  ultimately  produced.  A  rounded,  cytoplasmic 
mass  collects  about  each  nucleus  and  surrounds  itself  with  a  cell  wall 
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(Fig.  68) ;    but  the  four  or  eiglit  cells  thug  formed  have  no  contact 

with  each  other,  and  the  cytoplasm  of  the  mother  cell  is  not  totally 

consumed  by  tlieir  formation. 

CeU-Budding-. — This  is  simply  a  special  variety 
of  ordinary  cell  diviaiou,  in  which  the  cell  is  not 
divided  in  the  middle,  but,  instead,  pushes  out  a 
protuberance  which,  by  constriction,  becomes  separ- 
ated from  the  mother  cell.  This  mode  of  cell 
multiplication  is  characteristic  of  the  Yeast  plant 
(Fig.  2,  p.  11);  and  the  spores,  known  as  conidia, 
which  are  produced  by  numerous  Fungi,  have  a 
similar  origin  (Fig.  286). 

Cell -Formation   by   Conjugation. — A   sexual 
cell  is  only  able  to  continue  its  development  after 
fusion  with  another  sexual  cell.     The  two  cells  so 
uniting  are  either  alike,  and  in  that  case  are  called 
G.4METES,  or  unlike,  and  are  then  distinguished  as 
Fi<;.ij3.— FrteneiiforaiB-   EGG  and  SPERMATOZOiD.     The  spermatozoid  is  the 
*''"'  c°ii"'o('''^''ft(rf™   male,  the  egg  the  female  sexual  cell.     The  gametes 
ounsiau:  <«  100.)      may  be  motile  or  non-motile  (Fig.  69,  B).     The 
motile   gametes  frequently  resemble   the    swarm-  . 
spores  (Fig.  69,  A)  generated   by  the  same  parent  for  the  purpose 
of  asexual    reproduction.      As    a    rule,    however,    they    are    smaller 
than   the  swarm-spores,  and  have   usually  only  half  as  many   cilia. 
In  the  more  highly  specialised   sexual  cells  the  egg  usually  retains 
the    structure   of    an    embryonic    cell,  but    the    spermatozoid   under- 
goes  various  changes.     A  cytoplasmic^  cell  body,  a  nucleus,  and  the 
nidiments  of  chromatophores  are   always   present  in  the  egg.     The 
male  sexual  cell  (Fig.  70),  on  the  other  hand,  becomes  transformed, 
in  the  more  extreme  cases,  into  a  spirally  twisted  body,  provided  with 
cilia,  and  exhibiting  an  apparently  homogeneous  stnicture.     Only  a 
knowledge  of  the  history  of  its  development,  and  the  greatest  care  in 
hardening  and  staining,  have  rendered  it  possible  to  recoginse  the 
homology  of  the  structure  of  such  a  spermatozoid  with  that  of  an 
embryonic  cell.     It  has  been  shown  that  one  part  of  its  spiral  body 
corresponds  toilie  cell  nucleus  (k),  another,  together  with  the  cilia,  to 
the  cytoplasm  (c),  and  the  vesicle  (h),  at  the  other  extremitj-,  to  the  sap 
cavity  of  a  cell.     After  the  spermatozoids  are  set  free  from  the  sexual 
organs,  they  require  water  for  their  dispersal.     They  are  motile,  and 
are  thus  enabled  to  seek  out  the  egg-cells,  which,  in  most  cases,  await 
fertilisation  within  the  organ  in  which  they  have  been  formed. 

Motile,  male  sexual  gells  occur  only  in  the  Cryntogams.  lu  the 
Phanerogams  (Fig.  71)  the  non-motile  male  cell  (ys^Lfc  carried  to  the 
egg  by  the  growth  of  the  I'ollen  tubk  (Fig.  71,  ^l  in  which  it  is 
enclosed.  In  the  union  of  the  two  sexual  cells  in  the  act  of  fertilisa- 
tion, the  egg  nucleus  {ek)  and  the  sperm  nucleus  (sk)  fuse  and  form 
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the  nucleus  of  the  fertilised  e^'j^-cell  The  cjtopliam  of  tlie  male 
cell  also  commingles  with  that  of  the  female  coll  but  the  chroma- 
tophores  of  the  embryo  are  derived  from  tlie  egg  cell  alone      It  is 
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still  ancertain  whether  a  similar  fusion  of  the  ceutiosgiheres  of  the 
sexual  cells  also  takes  place.  It  is  regarded  as  more  probable  that 
the  centrospheres  of  the  egg  nucleus — more  rarely  those  of  the  sperm 
nucleuB — become  functionless,  so  that  the  centrospheres  of  the  fertilised 
egg  are  derived  only  from  the  sperm  nucleus,  or  from  tlie  nucleus  of 
the  female  cell. 
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Tile  egg  becomea  capable  of  development  as  the  result  of  fertilisa- 
tion, although  there  are  exceptioual  caaea  in  the  orgaDic  kingdom, 
especially  among  the  Arthropods,  where  an  unfertilised  egg  may  produce 
an  embryo.  This  iB  called  PARTHENOGENESIS.  In  the  vegetable 
kingdom  the  existence  of  parthenogenesis  in  plants  with  advanced 
sexual  differentiation  has  only  been  proved  in  the  case  of  Chara  crinila, 
one  of  the  Ckaraceae. 

Multiplication  of  the  Chromatophores. — This  is  accomplished  by 
a  direct  division,  as  a  result  of  which,  by  a  pro- 
^  ^  cess  of   constriction,   a    chromatophore    becomes 

£i  ^  divided  _  into    two    nearly    equal    halves.       The 

_y^  ^3         stages  of  this  division  may  best  be  observed  in 
^)^  tlie  cliloroplasts  {Fig.  72). 

-,-  ^  Inclusions  of  the  Protoplasm — Starch. — 

^  l^  The    cbloroplaata  in  plants  exposed  to  the  light 

Fio    72  —  ciiiorriiihyii  ^most    always    contain     starch    grains.       These 
rtbIiw  froui  the  \ett  ot  groius  of  starch  found  in  the  chloroplasts  are  the 
yuaaria    hKrovMrica.  ^j.gt  visible  pixiducts  of  the  assimilation  of  in- 
of division,  (xsio.™  organic    matter.       They    are    formed    in    large 
numbers,  but  as  they  are  continually  dissolving, 
always  remain  small.      Large  starch  grains  are  found  only  in  the 
reservoirs  of  reserve  material,  where  starch  is  formed  from  the  de- 
posited   products   of   previous 
assimilation.      Such    starch    is 
termed     RESERVE    STARCH,    in 
contrast    to   the    assimilation 
STARCH  formed  in  the  chloro- 
plasts.      All    starch    used    for 
economic    purposes    is    reserve 
starch.  The  starch  grains  stored 
as  reser\'o  material  in  potatoes 
are  comparatively  large,  attain- 
ing an  average  size  of  0-09  mm. 
As    shown     in    the    adjoining 
figure  (Fig.  73),  they  are  plainly 
stratified.     Their   stratificatiom 
is   due   to    the   viyying   densi- 
ties   of    the    successive    layers.  - 
They  are  eccentric  in  structure,    j 
as   the   organic   centre,   about 
which  the  different  layers  are 
laid     down,    does    not    corre- 
spond  with   the  centre    of    the    grain.      The    starch    grains    of    the 
legumes  and  cereals,  on  the   other   hand,   are   concentric,  and  tlie 
nucleus   of  their   formation   is   in    the   centre   of  the   grain.     The 
starch  grains  of  the  Bean,  Phaseohs  vtili/aris  {Fig.  74),  have  the  shape 
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of  &  flattened  sphere  or  ellipsoid  ;  they  show  a  distinct  stratiiicatioii, 
and  are  crossed  by  fissures  radiating  from  the  centre.  The  disc-shaped 
starch  grains  of  wheat  are  of  unequal  size,  and  only  indistinctly  strati- 
fied (Fig. ^5).  A  comparison  of  the  accompanying  figures  (Figs.  72- 
75),  a,U  ^uflUy  magnified,  will  give  an  idea  of  the  varying  size  of 
the  starch  grains  of  different  plants.  The  size  of  starch  graina 
varies,  in  fact,  from  0002  mm.  to  0-170  ram.  Starch  grains  0170 
mm.  large,  such  as  those  from  the  rhi7Jime  of  Cunna,  may  be  seen 
even  with  the  naked  eye,  and  have  the  appearance  of  brilliant  poinds. 
In  addition  to  the  simple  starch  grains  so  far  described,  half-compound 


and  compound  starch  gr^ns  are  often  found.  Grains  of  the  former 
kind  are  made  up  of  two  or  more  individual  grains,  surrounded  by 
a  zone  of  peripheral  layers  enveloping  them  in  common.  The  com- 
pound grains  consist  merely  of  an  aggregate  of  individual  grains  un- 
provided with  any  common  enveloping  layers!  Both  half-compound 
(Fit  73,  B)  and  compound  starch  grains  (Fig.  73,  C,  D)  occur  in 
potatoes,  together  with  simple  grains.  In  oats  (Fig.  76)  and  rice  all 
the  st&rch  gmins  are  compound.  According  to  Nageli,  the  compound 
starch  grains  of  rice  consist  of  from  4  to  100  single  grains ;  those  of 
Spinada  gkhra  sometimes  of  over  30,000.  Starch  thus  formed  from 
previously  assimilated  organic  substances  also  requires  chromatophores 
for  its  production.  It  is  produced  by  means  of  leiicoplasts,  which  are, 
in  consequence,  often  termed  starch-builders.  If  the  formation  of  a 
starch  grain  should  begin  near  the  periphery  of  a  leucoplast,  the  grain 
would  eventually,  by  its  continued  enlargement,  protrude  from  the 
leucoplast     As  new  layers  of  starchy  matter  are  then  deposited  only 
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oil  the  aide  remaining  in  contact  with  the  plastid,  the  starch  grain 
thus  becomee  eccentric  (Fig.  77).  Should,  however,  several  starch 
grains  commence  to  form  at  the  same  time  in  one  leucoplast,  they 
would  become  crowded  together  and  form  a  compound  starch  grain, 
which,  if  additional  starcliy  layers  are  laid  down,  gives  rise  to  a  half- 
compound  grain. 

It  lias  recently  becu  axHerted  tliat  Htarch  graioa  are  crystalline  bodies,  tto-called 
splueriteH,  and  are  coniptmed  of  fine,  radially  arranged,  needle-shaped  cryatais 
(trioliitea).  Their  stratilioitiou,  aucorditig  to  tliis  view,  is  due  to  variatioua  in  the 
form  and  numbev  of  the  crystal  needles  in  the  successive  layers.  In  s  frir 
indiWdnal  cases,  Arthi'k  Mevei:  has  succeeded  in  siioning  that  the  stratification 
of  the  starch  grains  coiresjiojids  to  the  alternation  of  the  periods  of  day  and  night, 
i,e.  to  the  tnterfeivncc  which  is  thus  caused  in  the  nutritive  processeE.  The  growth 
of  starch  grains  is  also  aRected  by  the  solvent  action  of  surrounding  substances, 
whereby  the  peripheral  layers  may  be  partially  removed,  and  then  no  longer  com- 
pletely Bnvelo|i  the  entire  grain.  Starch  grains  are  comiiosed  of  a  carlioliydratc, 
the  formula  of  which  ix  (CiH]i}Oi)q.  Most  starch  grains  only  contain  amyloid. 
one  variety  of  which  becomes  liquid  in  the  presence  of  water  at  a  temperature 
of  100°  C,  nn<l  another,  whicli,  uuder  the  same  conditions,  does  not  become  liquid. 
In  addition  to  this  amyloid  many  starch  grains  contain  also  amylod«xtrin.  In 
certain  cases,  as  iu  Orj/ai  intiva  var.  ylvtinvaa  and  Norgkum  valgare  var.  gfulinotnuu, 
the  starch  grains  consist  princijially  of  amylodextrin.  Although  starch  rich  in 
amyloid  gives  a  blue  reaction  with  a  solution  of  iodine,  the  starch  rich  in  amylo- 
de.ftrin  takes  a  red  wine  colour.  Starch  grains  become  swollen  iu  water  at  a  tem- 
perature of  SO'  to  70^  C,  according  to  AHTavK  Meveu,  because  of  the  conversion 
into  tenacious  globules  of  the  more  readily  soluble  of  the  two  amyloids  ;  at  138"  C. 
starch  grains  become  completely  dissolved.  Starch  swells  very  readily  at  ordinary 
.  tem£)eratnres  in  solutions  of  potassium,  or  sodium  hydrate.  Heated  without  addi- 
tion of  water,  i.e.  roasted,  starch  becomes  transformed  into  dextrin,  and  is  theu 
soluble  in  water  and  corresj>ondingly  more  digestible.  Tliat  starch  grains  give  a 
dark  cross  in  |K>larised  light  is  due  to  the  double  refraction  of  the  com]>oueut 
crystalline  elements. 

The  amount  of  starch  contained  iu  reservoirs  of  reserve  material  is  often  con- 
siderable ;  in  the  ease  of  potatoes  25  jwr  cent  of  their  whole  weight  is  reserve 
starch,  and  in  wheat  the  proportion  of  starch  is  as  high  as  70  per  cent.  The  starch 
flour  of  economic  use  is  derived  by  washing  out  the  starch  from  such  reservoirs  of 
reserve  starch.  In  the  prei)aration  of  ordinary  Hour,  on  the  contrary,  the  tissues 
containing  the  starch  are  retained  in  the  process  of  milling. 

ALKtfROKE. — Ateurone  or  protein  grains  (gluten)  are  produced 
in  the  seeds  of  iqjmerous  plant«,  especially  in  those  containing  oil. 
They  are  formed  from  vacuoles,  the  contents  of  which  are  rich  in 
albumen,  and  harden  into  round  grains  or,  sometimes,  into  irregular 
bodies  of  indefinite  shape.  A  portion  of  the  albumen  often  crystal- 
lises, so  that  frequently  one  and  occasionally  several  crystals  are 
formed  within  one  ateurone  grain.  In  aleurone  grains  containing 
albumen  crystals  there  may  often  be  found  globular  bodies,  termed 
GLOBOIDS,  which,  according  to  Pfeffeh,  consist  of  a  double  phosphate 
of  magnesium  and  calcium  in  combination  with  some  organic  substances. 


...  C(.K>t^lc 


SBCT.  I  MOKPHOLOGY  71 

Crystals  of  calcium  oxalate  are  also  found  enclosed  in  the  alenrone 
grains. 

Tlie  seeds  of  Jlitinm  (Fig  7S]  fiirnUh  good  examples  of  aledrone  grains  witli 
fnclosed   ailiiiroen  erystalK  and  glo- 

Imids.     The   aleurone  graiiia   tlieni-  — -    --  '       * 

»elv«8  lie  embedded  iu  a  cytoplasm  " 

tb.t  i.  *h  1»  oil.     In   11.  «r..l.  ^  SB*   -O 

the  alenrone  grains  which  lie  only  in  .—ff  j'^b:,  ■-Jfc,' 

the   outer  cell    layer    of   the   seeds  — y         ff 

(Fig.  79,  al)  are  small,  and  tree  rrom 
all  inclusions  ;  tliey  Lontain  neitlier 

crjBtails  nor  globoids      As  the  outer  ,_ 

cells  of  wheat   grains  contain  only 
aleurone,    and   the  inner  almost  Ci 

clnsively  utarch,  it  follows  that  flour  Fi<  7S.—A,  Coil  from  il.f  tndoBiieriii  of  Bici^i'i 
is  the  richer  oc  [loorer  in  albumin,  fiwwunf*,  la  water;  fl,  Lsolotwi  Bknione  paina 
ll„  mor.  or  k»  »m,J,Wy  lla.  ont.f  J"^  ^'J  "'  -  *■  ■"— "  «•"• '  «•  >'••'"■ 
layer  has   been  removed  before   the 

wheat  in  ground  From  the  inner  layers  finer  and  whiter  Hour  can  W  made; 
nhile  more  nourishing  flour  is  obtained  from  the  outer  layers. 

Reactions  for  alBiirone  are  the  name  as  tliose  already  mentioned  for  the  alhuniinous 
substance  of  t>roto|>1asnL.     Tveat- 

of  wheat  (Fig.  79)  with  a  solution 
of  iodiue  would  give  the  aleurone 

layer  a  yellow- brown  colour,  while 

^       the  starch  layers  would  he  coloured 

7  A  i.Hru  EN'  Ckvsta  lh.  —Crystals 

of  this  nature  are  especially  fre- 
quent in  aleurone  grains  (Fig.  7S). 
They  have  (weviously  lieen  men- 
tioned as  occurring  in  the  chronia- 

*  tophores.  In  the  illustration  of 
the  Icncoplaiits  of  Pkaj-us  graittfi- 
fvlhii  [Fig.  77),  tin-  rod-shaped 
crystals  are  reiiresented  as  light 
stripes    (in   B   and   A'j.       In    the 

p     -n^Psiiof       i-       r       t     t   h   t  r  if      '  S"'«"  *'8»<'i '^"^  »''g"''"'' "'"""Kly 

nW  P,  Pericarp;  ^.™i^™t.  ml«.al' to  wU'^  refractive  bodies  lying  in  the 
is  the  cudoiiperni ;  uf,  ■Ipiirorie  gmtiiii :  ntl,  •Urcli  cliloropUstS  and  surrounded  by  a 
([r»iiiii;  B, cell  nucleuB.    (*i40.)  ring  of  starch  granules  are  albu- 

men crystals.  A  good  c.vaniple 
of  these  bodies,  known  an  hvhesihds  or  amylvm  ckstiies,  may  be  seen  iu 
the  green  bands  of  Spirogijra  (Fig.  2-35).  Albumen  crystals  may  also  occur  di- 
feotly  in  the  cytoplasm  ;  as,  for  instance,  in  the  cells  iioor  in  starch,  in  the  peri- 
pheral layers  of  potatoes.  Albumen  crystals  arc  )!ometinies  found  even  in  tliu 
cell  nuclens.  This  Is  particularly  the  eaia  in  the  Tootliwort  {Latbraat 
tqtutnuma).  Albumen  crystals  usually  belong  either  to  the  regular  or  to  the 
hexagonal   crystal  system.     They  differ  front  other  crystals  in   that,   like  dead 
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albuminouB  aubst&Dces,  thej  may  be  st&ined,  and  also  in  that  the;  are  capable  of 
awElling  by  imbibition.  Subjected  to  the  action  of  water  or  a  dilate  solution  of 
caustic  potoah,  tbey  at  first  incretue  in  siM  without  losing  thejr  crystalline 
outline. 

Crystals  of  Calcium  Oxalate. — Few  plants  are  devoid  of  Buch 
crystals.     They  are  formed  in  the  cytoplasm,  within  vacuoles  which 
afterwards  enlarge  and  sometimes  almost  fill  tiie  whole  cell.     In  such 
coses  the  other  components  of  the  cell  become  greatly  reduced ;  the  cell 
walls  at  the  same  time  are  often  converted  into  cork,  and  tJie  whole 
cell  becoTOes  merely  a  repository  for  the  crystal.     The  crystnls  may  be 
developed  singly  in  a  cell,  in  which  case  they  belong  either  to  the 
tetragonal  or  monosymmetirical  crystal  system ;  or,  as  is  more  frequently 
the  case,  they  form  crystal  aggregates,  clusters  of  crystals  radiat- 
ing in  all  directions  from  a  common  centre.    In  the  LUiaceae,  Orchidaceae, 
and  other  Monocotyledons,  compact  bundles  of  needle-shaped  crystals  of 
calcium  oxalate,  the  so-called  raphides,  are  especially  frequent  (Fig.  80). 
Such  crystal  bundles  are  always  enclosed  in  a 
large  vacuole  filled  with  a  mucilaginous  sub- 
stance.     The  degree    of    concentration   of  the 
mother   liquor  from  which  the   crystals   have 
separated,  determines,  according  to  Kny,  their 
crystal  form,  whether  tetragonal  or  monoclinic. 

Siliceous  bodier,  which  are  only  soluble  in  hydro- 
fluoric acid,  are  ofUn  found  in  the  cytoplasm  of  many 
cells,  eajiecially  of  Palnis  and  Orchida,  and  often  com- 
pletely mi  the  whole  cellular  space. 

Tannin. — Highly  refractive  vacuoles  filled 
with  a  concentrated  solution  of  tannin  are 
of  frequent  occurrence  in  the  cytoplasm  of 
cortical  cells,  and  may  oft^n  grow  to  a  con- 
siderable siz& 

The  dark-blue  or  green  colour  reoctiou  obtained  on 
treatment  with  a  solution  of  ferric  chloride  or  ferric 
sulphate,  and  the  reddish -brown  preci])itate  formed  with 
an  aqueous  solutiou  of  jiotassium  hielironiate,  are  usually 
accepted  as  tests  for  the  recognition  of  tannin,  although 
equally  applicable  for  a  whole  group  of  similar  eiib- 

Fio. 90 -Cell froiniiie cortex  ^/^"^  and  OiLS  in  plants  are  mixtures  of 

of  Draaiina  rvtim,  fliicd  fatty  acid  esters.     Frequently,  as  in  species  of 

with  liiuciiagiiioui  mat*«  AUium  and  Alot;   a  fatty  oil  appears  in  the 

ofnij™i"e'i,''l-"*("  I*) '  ^^^    chlorophyll   grains.      The   occurrence    of 

castor  oil  in  the  form  of  highly  refractive  drops 

in  the  cytoplasm  of  the  aleurone-containing  cells  in  the  endosperm  of 

the  castor-oil  seeds,  has  already  been  referred  to.    Oil  usually  occuia  in 
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this  form.  But  fatly  substances  may  also  appear  in  the  cytoplasm  as 
irregularly-shaped,  more  or  less  soft  grains,  as  for  example  in  the 
vegetable  butters  and  in  the  wax  of  various  seeds;  they  may  even 
be  crystalline,  as  in  the  needle-like  crystals  of  Para-nuts  {BertkoUetia 
fxcelsa)  and  of  Nutmeg  {Myrisika  fragrans). 

Glycogen. — This  substance,  related  to  su({ar  and  starch,  and  of  frequent  occur- 
rence in  animal  tissues,  futtila,  according  to  EnuERA,  tlie  iuune  functions  iu  the 
Fun^  as  sugar  and  starcli  in  tlie  higher  ]ilBnta.  Cytoplasm  containing  glycogen 
ia  colour^  a  reddiah-brown  with  a  solution  of  iodine.  This  colour  almost  wholly 
■Usappean  if  the  prrparation  be  warmed,  hut  reappears  on  eooling. 

Ethereal  Oils  and  Resins. — In  most  cases  the  strongly  refractive 
drops  found  dispersed  throughout  cytoplasm  are  globules  of  some 
ethereal  oil.  It  is  the  presence  of  such  oils  in  the  petals  of  many 
flowers  that  give  to  them  their  agreeable  perfume.  Under  certain 
conditions  the  oil  globules  may  become  crystallised.  Tbis  occurs,  for 
example,  in  Hose  petals.  Secretions  from  surrounding  cells  are  often 
deposited  in  special  receptacles  in  which,  through  oxidisation,  camphor 
or  resin  is  formed. 

Special  cells  of  this  kind,  with  corky  tvalla  and  filled  with  restn  or  ethereal 
oils,  are  found  in  the  rhizomes  of  certain  plants,  as  for  instance  in  those  of 
CalaitMt  {Aamn  Calamus)  and  of  Ginger  {Zint/ibtr  oJ/icinaU) ;  also  in  the  bark, 
9S,  for  example,  of  Cinnamon  trees  (Oinnamomum) ;  in  the  leaves,  as  in  the  Sweet 
B»y  ILaitna  uobilit) ;  in  the  pericarp  and  seed  of  the  Popper  {Piper  nigrum) ; 
in  the  pericarp  of  Anise  seeds  {Illidum  amsatuiii). 

Mucilaginous  MattkR  is  often  found  as  a  part  of  the  cell  contents 
in  the  cells  of  bulbs,  as  in  AUium  C'ejxi.  and  ScUla  marUima,  in  the 
tubers  of  Orchids,  also  in  aerial  organs,  especially  in  the  leaves  of 
Succulents,  which,  living  in  dry  places,  are  ihus  enabled  to  maintain 
their  water-supply  by  means  of  their  mucilaginous  cells. 

Caoutchouc  and  Guita-perciia. — These  substances  are  found  in 
a  number  of  plants  belonging  to  different  groups,  in  particular  in  the 
Vrlicaceae,  Eiiphorhmceae,  and  !^(ipot<iceae.  They  occur  in  the  so-called 
milk  sap  of  special  cells  in  the  form  of  small,  dense  globules,  which, 
suspended  in  the  watery  cytoplasm,  give  it  its  milky  appearance. 


ScLFHrB. — ^As  being  of  uiinsiial  occurrence,  mention  shoidd  be  made  of  the 
presence  of  sulphur  in  the  form  of  small  refractive  grains  in  the  protoplasm  of 
certain  Bacteria,  the  Beggiatoae,  These  Bacteria  live  iu  water  coutaining  much 
organic  matter,  and,  according  to  'Wi^oukadskt,  obtain  their  sulphur  ftvm 
sulphuretted  hydrogen.  In  fulfilling  its  J\inction  in  the  Bacteria  the  sulphur 
becomes  oxidised  into  sulphuric  acid. 

The  Cell  Sap. — Under  this  term  is  included  especially  the  fluid 
which  in  old  cells  fills  the  inner  sap  cavity.  It  is  generally  watery 
and  clearer  than  the  fluid  contained  in  the  smaller  vacuoles  of  the 
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cytoplasm.  No  sharp  distinction  can,  however,  be  drawn  between 
the  sap  cavity  and  vacuoles,  and,  moreover,  a  number  of  such  vacuoles 
may  take  the  place  of  the  sap  cavity  itself.  The  cell  sap  usually 
gives  an  acid  reaction,  though  in  water-plants,  according  to  TsCHiRCH, 
this  reaction  is  often  uncertain.  The  substances  held  in  solution  by 
the  cell  sap  are  very  various.  The  soluble  carbohydrates,  in  parti- 
cular the  sugars,  cane  sugar,  the  glucoses,  and  especially  grape  sugar, 
frequently  occur  in  the  cell  sap.  The  glucoses  may  be  recognised  hy 
their  reducing  pro{>erties. 

ir  preparations  c^ontaining  gliicose  be  placed  in  a  solution  of  copper  sulphate, 
and,  after  bviug  uasiied  out,  are  tranHfcired  to  a  solution  of  caustic  [lotaah  and 
lieated  to  boiling,  tli«y  will  give  a  l>rick-rcd  precipitate  oreuprouB  oside.  If  cane 
sugar  or  saccharose  W  present,  this  saliie  treatment  gives  only  a  l>luc  colour  to 
the  cell  sap. 

Carbohydrates  are  transported  in  a  plant  principally  in  the  form  of 
glucose;  cane  sugar,  on  the  contrary,  is  stored  up  as  reserve  material ;  as 
for  example,  in  the  sugai-beet,  in  the  stems  of  sugar-cane,  and  in  other 
plants  from  which  the  sugar  of  economic  use  is  derived. 

Inulin,  a  carbohydrate  in  solution  in  cell  sap,  takes  the  place  of 
starch  in  many  orders  of  plants,  as,  for  example,  in  the  dnnjiositae. 

Treated  with  alcoliol,  inulin  is  precipitated  in  the  form  of  sniall  gmnnles,  which 
may  be  redissolved  in  hot  water.  When  [lortions  of  plants  containing  much 
inilUn,  such  as  the  root  tubers  of  Dahlia  rariabilia,  are  placed  in  alcohol  or  dilate 
glycerine,  the  inulin  crystallises  out  and  forms  Ephterites,  spheroidal  bodies  coni- 
posed  of  radiating  crystal  needles  arranged  in  concentric  layers. 

AspARAOlN  is  also  generally  present  in  the  cell  sap. 

There  are  frequently  found  dissolved  in  the  cell  sap  TASSiNS,  alkaloids, 
and  QLL'roslnEs,  sucli  as  coniferin,  hes]^>eridin,  aniygdalin,  aolantn,  teseuliii, 
g«.ponin,  and  also  bitter  priqciples  related  to  the  glucosides.  It  is  also  o^en 
possible  to  detect  in  the  cell  sap  one  of  the  benzole  group,  piilorogluciu,  vrbieh,  in 
the  presence  of  hydrochloric  acid,  stains  lignilied  cell  walls  a  violet  colour.  Organic 
•cids  aiV^lso  of  frequent  occurrence  in  the  cell  sap  ;  thus,  malic  acid  is  nsually 
present  in  the  leaves  of  the  succulents.  For  the  most  part,  these  organic  acids 
unite  with  bases,  and  the  salts  which  are  formed  often  crystallise.  Of  acid  salts, 
which  are  less  frequent  than  free  acids,  the  binoxalate  of  potasuiuni  found  in 
Field  Sorrel  {llumcx)  and  Wood  Sorrel  (Oxalis)  deserves  special  mention. 

The  cell  sap  is  often  coloured,  principally  by  the  so-called  antho- 
CYANIN.  This  is  blue  in  an  alkaline,  aud  red  in  an  acid  reacting  cell 
sap,  and,  under  certain  conditions,  also  dark  red,  violet,  dark-blue,  and 
even  black.  Blood-coloured  leaves,  such  as  those  of  the  Purple  Beech, 
owe  their  characteristic  appearance  to  the  united  presence  of  green 
chlorophyll  and  anthocyanin.  The  different  colours  of  flowers  are  due 
to  the  varying  colour  of  the  cell  sap,  to  the  different  distribution  of  the 
cells  containing  the  coloured  cell  sap,  and  also  to  the  different  combina- 
tions of  dissolved  colouring  matter  with  the  yellow,  yellowish  red,  or 
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red  ehromoplaste  and  the  green  chloroplaats.  There  is  occasionally 
found  in  the  cell  aap  a  yellow  colouring  matter  known  as  xanthiu  ; 
it  ia  nearly  related  to  xonthophyll,  but  soluble  in  vater.  The  cell 
aap  also  contains  inoi^anic  salts  in  solution,  particularly  nitrates, 
sulphates,  and  phosphates.  - 

The  Cell  Wall. — At  the  growing  points  of  plants  the  cells  are 
separated  from  one  another  only  by  extremely  thin  membranes  or  cell 
wails.  The  rapid  growth  in  length  which  sets  in  a  short  distance  from 
the  growing  ]K>int,  as  a  result  of  the  increase  in  the  size  of  the  cells, 
must  be  accompanied  by  a  corresponding  GROWTH  IN  SURFACK  of  the 
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cell  walls.'  So  long  as  this  growth  in  surface  continues,  the  cell  walls 
remain  thin.  After  the  cells  have  attained  their  ultimate  size,  the 
GROWTH  IN  THICKNE.SS  of  the  Cell  walls  then  begins.  Such  thickened 
cell  walls  are  not,  in  most  cases,  homogeneous,  but  exhibit  a  stratified 
appearance  (Fig.  81),  owing  to  the  different  refractive  power  of  the 
thickening  layers.  Treated  with  caustic  potash,  these  different  layers 
appear  as  if  composed  of  still  thinner  lamellie.  In  many  eases  the  thick- 
ening layers  exhibit  delicate  striations  in  surface  view.  The  striations 
extend  through  the  whole  thickness  of  the  layers,  usually  running 
obliquely  to  the  long  axis  of  the  cell,  and  often  crossing  one  another 
in  the  different  thickening  layers  (Fig.  82). 

In  a   much-thickened   cell  wall,  owing  to  chemical   and  optical 
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differenceB,  there  caii  frequently  be  distinguished  three  distinct  layers 
— a  primary,  a  secondary,  and  a  tertiary  thickening  layer.  These 
layers  are  deposited  on  the  primary  cell  wall,  which,  in  the  case  of 
cells  arising  from  cell  division,  ia  represented  by  the  newIy-foTmed 
partition  wall.  The  secondary  thickening  layer  is  usually  the  most 
strongly  developed,  and  forms  the  chief  part  of  the  cell  wall.  The 
tertiary  or  inner  layer  is  thinner  and  more  highly  refractive.  In 
special  cases,  but  only  in  the  formation  of  reproductive  cells,  an  inner 
lliickening  layer,  completely  detached  from  the  others,  is  produced, 
as  in  the  formation  of  pollen  grains  and  spores,  which,  enclosed  only 


by  this  inner  membrane,  finally  become  freed  from  the  older  thickening 
layer.  This  process  is  often  alluded  to  as  RtJUVENKacKNOE ;  in  such 
cases,  it  should  be  noted,  there  are,  in  reahty,  no  new  cells  formed. 

The  thickening  of  the  cell  wall  seldom  takes  place  uniformly  oyeir 
the  whole  surface ;  but  some  portions  are  thickened,  while,  at  other 
points,  the  original  or  primary  cell  wall  remains  unchanged.  In  this 
way  pores  are  formed  which  penetrate  the  thickening  layers.  These 
pores  or  pits  may  be  either  circular  (Fig.  8i),  elliptical,  or  elongated. 
The  pita  in  adjoining  cells  converge,  and  would  form  one  continuouB 
canal,  were  it  not  that  the  unthickened  primary  cell  wall  persists  as  a 
CLOSING  UEMBRANE  between  two  converging  pita.  As  a  result  of 
the  continued  thickening  of  the  cell  wall,  the  canals  of  several  pits 
often  unite,  and  so  branched  pits  are  formed.  Such  branched  pits 
have  usually  very  narrow  canals,  and  occur  for  the  most  part  only 
in  extremely  thick  and  hard  cell  walls,  as,  for  instance,  in  those  of 
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the  Bo-caJled  aclerotic  cells  or  aclereidea    Simple  pits  may,  on  the  other 
hand,  expand  on  approacliing  the  primary  cell  wall. 

The  structures  known  as  BORDERED  PITS  (Fig,  83)  are  but  a  special 
form  of  such  expanded  simple  pita.  In  bordered  pits  the  closing 
membrane  is  thickened  at  the  centre  to  fono  a  torus  (Fig.  83,  C). 


By  the  curving  to  one  side  or  the  other  of  the  closing  membrane,  the 
torus  may  so  act  as  to  close  the  pit  canal  (Fig.  83,  B).  Bordered  pits 
are  only  formed  in  cells 
which  are  soon  to  lose 
their  living  contents  and 
thus  serve  merely  as 
channels  for  conducting 
water.  The  bordered  pits 
apparently  act  as  valves. 
Seen  from  the  surface  a 
bordered  pit  appears  as 
two  concentric  rings  (Fig. 
83,  A).  The  smaller, 
inner  ring  represents  the 
narrow  opening  of  the 
pit  into  the  cell  cavity ; 
the  larger,  outer  ring 
indicates  the  junction 
of  the  wall  of  the  pit  chamber  with  the  priraarj-  cell  wall. 

Very  lai^e  pits  between  adjoining  living  cells  have  often  thin 
places  in  their  closing  membrane,  and  are  then  spoken  of  as  compound 
pits.     A  special  example  of  such  pita  ia  afforded  by  the  sieve-pits,  in 
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which  the  closing  membrane,  in  that  case  called  the  sikve-plate,  is 

perforated  by  fine  openings  or  pores  {Fig.  85). 

In  cases  where  the  greater  part  of  the  cell  wall  remains  unthick- 
ened,  it  is  characterised  rather  by 
f  a  description  of  its  thickened  than 
,  unthickened  |>ortions ;  it  is  in  this 
sense  that  the  terms  annular,  spiral, 
and  reticulate  are  used  (Fig.  86). 
Just  as  in  the  case  of  cells  with 
bordered  pits,  annular,  spiral,  and 
reticulate  cell  walls  are  only 
acquired  by  cells  that  soon  lose 
their  contents,  and  act  in  the 
capacity  of  water-carriers.  Such 
wall  thickenings  serve  as  mechani- 
cal supports,  to  give  rigidity  to 
the  cells,  and  to  enable  the  cell 
-walls  to  withstand  the  pressure  of 
the  surrounding  cells.  Ck)LLEN- 
CHYMATOUS  Cells  are  living  cells, 
the  walls  of  which  are  thickened 
principally  at  the  corners  (Fig.  87). 
Cells    on    the    surface    of    plants 

Fio.  88— p»rt  of  cn.u«ier»e  heoUoii  of  s  leaf  of  have  usually  only  their  outer  walls 

vu:w,chMia.    c,  C)-.toiith ;  f,  r,  f,triiii«-   thickened    {Fig.     100).       By    the 

j"spunaypBren"viua-'"(«-°o->*""'^ '""'  thickening  of  cell  walls  at  special 

points,    protuberances    projecting 

into  the  cell  cavity  are  formed ;  in  this  way  the  formations  known 

as  CYSTOLITHS  arise. 

Certain  large  cells  in  tlie  leaves  of  tlie  ludiarubber  jilant  {Fimts  elastiea)  con- 
tain ])«culiar  clustered  bodleu,  formed  by  the  thickeuing  of  the  <:ell  nail  at  a  single 
jioint  (Fig.  88).  la  their  formation  a  atem-like  body  or  stalk  first  protrudes  from 
the  celt  wall ;  by  the  addition  of  freshly-deposited  layei-s  this  becomes  club-shaped, 
and,  by  continued  irregular  deposits,  it  finally  attains  its  oluatfrnd  form. 

So  far  only  centripetal  wall  thickenings  have  been  descriljed. 
Cells,  the  walls  of  which  are  centrifugally  thickened,  can  naturally  only 
occur  where  the  cell  walls  have  free  suifaces.  The  outer  walls  of 
hairs  generally  show  small  inequalities  and  projections.  The  surfoce 
walls  of  spores  and  pollen  grains  (Fig.  89)  show  a  great  variety  of  such 
centrifugally  developed  protubeninees,  in  the  form  of  points,  ridges, 
reticulations,  and  bands  of  an  often  complicated  internal  structure. 

The  OrlBTin  and  Growth  of  the  Cell  WaU.— The  cell  wall  is  a 
product  of  the  protoplasm.  When  a  previously  naked  protoplast,  as  a 
sivarm-spore  of  an  Alga,  envelops  itself  with  a  cell  wall,  this  is 
ell'ected,  as  is  now  generally  believed,  by  the  transformation  of  its 
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protoplasmic  membrane  into  a  cell  wall  The  newly  foimed  partition 
wall,  resulting  from  cell  division,  is  developed  fioni  the  cell  plate, 
which  la  also  of  cytoplasmic 
origin  The  new  lamellee  of  a 
cell  wall  in  process  of  thicken 
ing  are  also  denved  from  the 
protoplasmic  membrane  of  the 
enclosed  cytoplasm 

Tlie  growth  in  thickness  of 
a  cell  wall  by  the  deposition  of 
auccesGive    lamellip    is    termed 

(iROWTH    BY    APPOSITIOV         The 

growth  in  eurface  of  cell  walls 
may,  in  many  cases,  be  attributed 
'  to  the  deposition  of  new  lamellte  ' 
simultaneously  accompanying  the 
distension  of  the  old.  The  sub- 
sequent growth  in  thickness  of 
the  single  lamelle  of  the  cell  walls,  by  the  interpolation  of  new 
particles  of  cell-wall  substance  between  the  old,  is  designated  GROWTH 

B¥  INTL'SSUSCEPTION. 

Cell  Wall  Substance. — The  transformation  of  the  cell  plate,  or  of 
the  protoplasmic  membrane  of  the  cytoplasm,  into  lamellie  of  the  cell 
wall,  is  accompanied  by  a  change  in  their  substance.  The  granules 
of  the  cell  plate  disappear  and  apparently  dissolve,  while  the  lamellie 

of  a  cell  wall  are  eventually  formed  from  rtie  solution.  Possibly  the 
lamellee  of  cell  walls  possess  a  cryEtalJine  structure  similar  to  that  of 
starch  grains,  with  which  they  seem  to  correspond  in  many  structural 
peculiarities  and  in  the  double  refraction  of  their  layers. 

The  most  important  constituent  of  cell  walls  is  cellulose.  With 
the  exception  of  the  Fungi  it  is  present  in  the  cell  walls  of  all  plants. 

GiLHON  suQCeedeil  in  obtaining  cellulose  inaBtateorcryHttillisatioD.  He  treated 
a  plant  section  for  a  time  with  ciiprsmmonia,  tlien  wnahed  the  section  carefully 
with  ammonia  of  a  auttable  contelitratioD,  and  afterwards  with  distilli-d  water. 
.Id  the  ceils  of  sections  treated  in  this  manner  he  found  cclluIoHe  crystals  in  the 
form  of  H|iharites  or  dendrites.  Cellulose  is  a  carbohydrate  of  which  the  cliemical 
composition  is  expressed  by  the  general  formula  (CgHmOj)!!.  It  is  insolnblc  iu 
either  dilute  acids  or  alkalies.  By  the  action  of  conctntrated  Huliilmrit  acid  it 
is  converted  into  dextrose.  After  treatment  with  HUlphiiric  or  phosphoric  acid, 
iodine  vill  colour  it  blue  ;  it  shows  a  similar  reaction  nheii  e.tjioBcd  to  the 
sininltaneous  action  of  a  concentrated  solution  of  certain  salts,  such  as  zinc 
chloride  or  aluminium  chloride,  and  of  iodine.  Accordingly,  cliloroiodide  of  zinc, 
on  acconnt  of  the  blue  colour  imparted  by  it,  is  one  of  the  most  convenient  tests 
for  cellulose. 

The  cell  walla  never  consist  entirely  of  pure  cellulose,  but  contain 
a  considerable  amount  of  other  substances,  which  are  not  stained  blue 
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by  chloroiodide  of  zinc.  Iq  unlignified  cell  walls  pectose  is  parti- 
cularly prominent.  It  is  easily  distinguished  by  the  readiness  with 
which  it  dissolves  in  alkalies,  after  being  previously  acted  upon  by  a 
dilute  acid. 

Susceptibility  to  certain  Btains,  Tor  exun]>le  couga  red,  is  &  cbaracteriaCic  of 
cellulose  ;  \rhile  other  Btsias,  Blich  as  safranin  aud  metliylene  bluv,  colour  pectose 
more  deeply.  According  to  Makoik,  tlie  ]iartitioD  wall  formed  in  the  higher 
plants  during  cell  division  canaiats  almost  wholly  of  pectose  ;  the  ne-tt  dcreloped 
lamiiue,  the  secondary  celUwal!  layer,  of  a  mixture  of  cellulose  and  pectose  ;  the 
last  formed,  or  tertiary  layer,  chiefly  of  cellulose.  If  the  secoodary  layer  ol'  the 
ceU  wall  remain  uulignified,  the  amouut  of  |iectoae  contained  in  it  increases  witii- 
age  and  helps  to  strengthen  the  middle  i.amf.lla,  or  primary  cell'Wall  layer. 

Among  the  substances  entering  into  the  composition  of  cell  walls,  in  addition 
to  cellulose  and  pectose,  mention  muat  be  made  of  callose.  It  is  characterised  by 
its  iiuolubility  in  cupranimonia  and  solubility  in  soda  solution,  and  tn  a  cold 
1  per  cent  solution  of  caustic  potash.  It  is  coloured  a  red  brown  by  chloroiodide 
of  ziuc,  with  aniline  blue  it  takes  an  intense  blue,  and  with  corallin  (rosolic  acid) 
a  brilliant  red.  Its  presence  in  the  higher  plants  is  limited  to  a  few  special  cases  ; 
it  euvelopa  the  sieve. pita  aud  is  always  present  in  calcified  cell-wall  layers,  as,  for 
eiample,  in  cystoliths  (Fig.  88).  According  to  Manuin,  eallose  exists  in  the  cell 
walls  of  the  Fungi  and  Lichens,  generally  in  combination  with  cellulose,  or  more 
rarely  with  peetinaceous  substances.  GiLSON  asserts,  on  the  other  hand,  that  the 
cell  walls  of  alt  the  Fungi  that  he  has  tborDUghl;  investigated,  consist  of  a 
special  nitrogenous  substance,  which  be  has  called  mycosik,  and  considers  that  it 
corresponds  to  animal  cbitin.  This  chitin,  according  to  Gilson,  takes  the  same 
place  in  the  cell  walls  of  the  Fungi  as  cellulose  in  the  cell  walls  of  the  higher  plants. 
In  addition  to  chitin,  the  cell  walls  of  Fungi  always  contain  carbohydrates. 

Where  cell  iralls  become  lignified  or  suberised,  it  is  particularly 
the  secondary  layer  that  receives  the  wood  or  cork  substance,  while 
the  tertiary  or  internal  layer  retains  its  cellulose  character. 

The  lignilication  is  occasioned  by  the  deposition  in  the  cell  wall  of  certain 
substances,  among  which  are  always  coniferin  and  vanillin.  It  is  these  two 
substances  which  give  the  so.called  wood  reactions,— a  violet  colour  with  phloro- 
glucin  and  hydrochloric  acid,  a  yellow  colour  with  snilin  sulphate.  Witli 
chloroiodide  of  zinc  a  lignified  cell  wall  becomes  yellow,  not  blue. 

3uberised  cell  walls  take  a  yellowish  brown  colour  with  chloroiodide  of  rinc'i 
with  caustic  potaab,  a  yellow.  Vas  Wihselisum  has  lately  disputed  the  presence 
of  cellulose  in  suberised  celt  walls,  and  regards  the  cork  substance  or  subbrin  as 
a  fatty  body,  which  is  composed  of  glycerine  eaters  and  other  componnd  esters,  as 
well  aa  of  one  or  more  other  substances  which  are  infusible,  insoluble  in  chloroform, 
and  decom{)osed  by  a  solution  of  caustic  potash. 

CUTiNiSATiON,  which  is  similar  to  but  not  identical  with  suberisa- 
;  tion,  is  usually  due  to  the  subsequent  deposition  of  cutin  in  cellulose 


Van  Wissrlinqh  has  shown  that  phellouic  acid,  which  is  always  present  in 
suberin,   is  constantly  absent  in  cutin.      Cutin  withstands  better  the  action  of 
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caustic  potKsli.  In  other  respects,  tlje  reitotionH  given  by  cutiniaed  cell  walls  with 
cbloroiodide  of  zinc  or  solutions  of  caustic  potaah  are  almost  identical  nith  those 
of  suberiaed  cell  walls. 

While  after  lignificatioQ  cell  walla  are  atill  permeable '  to  both 
wat«r  and  gases,  subarisation  or  cutinis&tion  'renders  them  impervious. 
Accordingly,  suberised  and  cutJnised  cell  walls  are  found  especially  in 
the  surface  of  plants,  as  a  means  of  protection  and  preservation. 

The  layers  of  the  cell  walls  of  some  cells,  particularly  the  super- 
ficial cells  of  certain  fruits,  as  of  Sage,  and  of  numerous  seeds,  such  as 
Flax  and  Quince  seeds,  become  mucilaginous,  and  swell  in  water  to  a 
slime  or  vegetable  mucus,  which,  according  to  G.  Klkbs,  serves  the 
purpose  of  attaching  the  seeds  to  the  soil.  The  internal  cells  of  some 
leguminous  seeds  with  a  mucilaginous  endospenn,  such  as  the  seeds  of 
the  Carob  tree  {Ceralonia  Siliqua),  have  similar  mucilaginous  layers, 
which  serve  as  reserve  substance.  Firm  cell  walls  can  also  be  trans- 
formed into  GUM,  as  is  so  often  apparent  in  Cherry  and  Acacia  trees, 
portions  of  whose  woody  cells  often  succumb  to  gummosis. 

The  several  vsrieties  of  gums  and  vegetable  mucus  react  differently,  occord- 
iug  as  tbey  are  derived  from  cellulose,  callose,  pcctose,  or  from  allied  substances. 
According  to  Mangin  they  may  be  microchemically  distinguished  by  their 
reaction  witli  ruthenium  red,  which  stains  only  such  as  are  derived  from  pectose 
Of  related  subBtancea,  such  aa  the  mucilage  of  the  seeda  of  the  Craci/crae  and 
Quince  {Cydunia),  the  mucua  cells  of  the  Mah-eae,  the  guma  of  t)ie  Cherry  and 
Acacia,  the  gum  tragacanth  from  Astrayalia  gammi/er.  The  mucus  of  Orchid 
tubers,  on  the  ^tlier  hand,  is  related  to  cellulose,  and  remains  unuoloured  with  the 
same  reagent. 

The  cell  waUs  of  the  seeds  of  many  Palms,  as  also  those  of  OmitAogaluiit 
(Fig.  84),  have  strongly  developed  thickening  layers,  which  are  full  of  pits.  These 
thickening  layers  are  lustrous  white,  and,  as  in  tlie  case  of  the  seeda  of  the  Palm, 
Phylelephat  maeroearpa,  may  attain  auch  a  degree  of  hardness  as  to  be  technically 
valuable  as  vegetable  ivory.  Such  thickening  layers  may  contain  other  carbohyd' 
rates  in  addition  to  cellulose;  thus  the  cell  walls  of  the  seeds  of  Tropatolam  and 
Fatonia  cout&in  an  amyloid,  which  turns  blue  even  with  iodine  alone.  These 
thickening  layers  are  dissolved  during  germination,  and  are  accordingly  to  be 
considered  as  a,  reserve  substance  of  the  seeda. 

Cell  walls  often  become  coloured  by  tannin  or  derivative  sub- 
st&nces ;  in  this  way,  for  instance,  the  dark  colour  is  produced  which 
is  often  seen  in  the  shells  of  seeda  and  in  old  wood.  The  colours  of 
the  woods  of  economic  value  are  due  to  such  discoloured  cell  walls. 
Inoi^nic  substances  are  often  deposited  in  Urge  quantities  in  old  cell 
walla.  Among  such  substances  calcium  oxalate  is  often  met  with, 
commonly  in  crystal  form  j  also  calcium  carbonate,  although  perhaps 
not  so  frequently.  In  the  cystoliths  of  Ficiis  elaslica  (Fig.  88)  so  much 
calcium  carbonate  is  dBpoBit«d  that  it  effervesces  with  hydrochloric 
acid.  In  many  plants,  as,  for  instance,  most  of  the  Characeae,  the 
quantity  of  calcium  carbonate  in  their  cell  walls  is  so  great  as  to 
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render  them  stiff  and  brittle.  Silica  ia  also  present  in  the  euperficial 
cell  walls  of  the  Gramiiieae,  Equiselaceae,  and  many  other  plaate. 

Cell  Forms. — As  cytoplasm  is  a  viscous  fluid,  and  would  tend,  if 
unimpeded,  to  take  a  spherical  shape,  it  may  be  assumed  that  the 
natural  and  primary  form  for  cells  is  spherical.  Such  a  shape,  how- 
ever, could  only  he  realised  by  cells  which,  in  their  hving  condition, 
were  completely  free  and  unconfined,  or  in  such  as  were  able  to  ex- 
pand freely  in  all  directions.  Newly -developed  cells,  which  are  in 
intimate  union,  are,  at  first,  always  polygonal.  Through  subsequent 
growth  their  shape  may  change.  The  cubical  cells  of  the  growing 
point  either  elongate  to  a  prism  or  remain  short  and  tabular.  If  the 
growth  is  limited  to  certain  definite  points, 
''  -"      and  is  regular,  they  become  stellate  j  if  irre- 

gular, their  outline  is  correspondingly  un- 
symmetrical.  In  consequence  of  energetic 
growth  in  length,  fibre-like,  pointed  cells 
are  developed.  If  the  walls  of  such  cells 
become  much  thickened,  they  are  called 
.SCLERENCUYUA  fibres  (Fig.  90,  A).  These 
show  diagonal  markings,  due  to  their  elon- 
I  gated  pits,  which  are  generally  but  few  in 

number.     When  fully  developed,  the  living 
\  contents  of  such  cells  are  small  in  amount  and 

frequently  they  contain  only  air.    In  the  last 
case,  they  merely  act  as  mechanical  supports 
for  the  other  parts  of  the  plant.    Cells  some- 
what similar,  but  shorter  and  considerably 
widely  not  sharpened  at  the  ends,  and  pro- 
vided with  bordered  pits,  are  called  tba- 
CHEiDS   (Fig.  90,  B).      The  tracheids,   in 
their  fully  developed  condition,  never  have 
any  living  contents,   but   serve  as  water- 
carriers  for  the  plant     So  long  as  they 
remain  active,  they  contain  only  water  and 
isolated  air-bubbles ;  their  active  functions 
afterwards   cease,   and  they  become  filled 
with  air.     Tracheids,   which   are   specially 
*'"'iibre-'ii''»  tnirheiT"c^™irt'of  elongated,  and  at  the  same  time  have  only 
a  ipirai  'tmeUei.t ;  D,  jart,  of  •  a  narrow  lumcH,  and,  like  the  sclerenchy- 
taieitube.   (A.  B,  c,  >,  loo;  D,  matous    fibres,    servo    merely    mechanical 
X  circai  i».)  purposes,  are  known  as  fibrk  tbachbids. 

Very  long  tracheids  with  a  wide  lumen  and  thin  walla,  functioning, 
like  typical  tracheids,  as  water-carriers,  are  distinguished  as  vasifonn 
or  VASCULAR  TRACHKiDS,  They  are  characterised  by  the  annular,  spiral, 
or  reticulate  markings  of  their  thickening  layers,  and  may  also  be 
provided  with  bordered  pits. 
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The  thickening  Ujeta  of  Eclereachymii  fibres  ma;  be  either  iignified  or  un- 
Ugnified  ;  those  of  trscheidB  are  always  lignified.  The  characteristic  thickened 
walls  of  the  vaaiform  tracheids  aerve  to  sustain  the  pressure  of  the  surrounding 
living  cells. 

Of  all  the  cells  in  the  more  highly  organised  plants,  the  latex  cells 
or  milk  cells,  also  spoken  of  as  latex  tubes,  attain  the  greatest  length. 
In  the  Euphorbiaceae,  Uriicaceae,  Apocyneae,  and  Asdepiadaceae  they  arise 
from  cella  which  are  already  differentiated  in  the  embryo.  Grow- 
ing aa  the  embryo  grows,  they  branch  with  it  and  penetrate  all  its 
members,  and  may  thus  ultimately  become  many  metres  long.  The 
latex  cells  themselves  have,  for  the  most  part,  unthickened  smooth 
elastic  walls  which  give  a  cellulose  reaction.  They  are  provided  with 
a  peripheral  layer  of  living  cytoplasm  and  numerous  nuclei.  Their 
sap  is  a  milky,  usually  white  fluid,  which  contains  gum-resins,  i.e.  a 
mixture  of  gums  and  resins,  caoutchouc,  fat  and  wax  in  emulsion. 
In  addition,  they  sometimes  hold  in  solution  gums,  tannins,  often 
poisonous  alkaloids,  and  salts,  especially  calcium  malate,  also,  in  the 
case  of  Fieus  Carica  and  Carica  Papaya,  peptonising  ferments.  In  the 
latex  cells  of  the  Euphorbiaeeae  there  are  also  present  in  the  latex 
peculiar  dumb-bell-shaped  starch  grains.  On  exposure  to  the  air  the 
milky  sap  quickly  coagulates.  In  the  adjoining  figure  (Fig.  90,  D) 
is  shown  a  portion  of  an  isolated  latex  cell  dissected  out  of  the  stem 
of  an  Asclepiadaceous  plant,  Ctrapegia  stapelundes. 

Special  cells,  which  differ  in  form,  content*,  or  in  their  peculiar 
wall  thickenings  from  their  neighbouring  cells,  are  dietingiUBhed  as 
IDIOBLASTS.  If  strongly  thickened  and  lignified,  they  are  called  sclerotic 
cells  (stone  cells)  or  scleraids.  They  generally  contain  some  secreted 
substance.  In  a  previous  figure  (Fig.  80)  an  idioblast,  containing  a 
bundle  of  i-aphides,  is  represented.  Idioblaats,  resembling  trachaids 
and  functioning  as  water  reservoirs,  are  found  between  the  chlorophyll- 
containing  cells  in  the  leaves  of  some  of  the  Ordiidaceae. 


Cell  fusion  occurs  much  less  frequently  in  plants  than  in  animals. 
Yet  in  all  sexually  differentiated  plants,  just  as  is  the  case  in  animals, 
fertilisation  depends  for  its  consummation  on  the  fusion  of  living  pro- 
toplasts. A  fusion  occurring  between  naked  cells  has  already  been 
noticed  in  describing  the  formation  of  a  plasmodium  by  the  Myxomy- 
cetes  (Fig.  52).  When  the  hyphse  of  Fungi  touch  one  another,  their 
walls  are  often  absorbed  at  the  point  of  contact,  and  the  living  contents 
of  two  different  hypbee  become  united.  In  higher  plants  a  similar 
fusion  takes  place  in  latex  vessels  and  in  siEVE-VESSELa  Latex  vessels 
have  the  same  structure  and  contents  as  latex  cells.  Their  occurrence, 
like  that  of  -  latex  cells,  is  limited  to  a  few  distinct  plant  families. 


'^".ooglc 


U  BOTANY  PABT 1 

gach  as  the  Papaveraceae,  of  which  the  Poppy  (Paptwer)  or  Celandine 
(Chelidonium),  with  its  ehftracteriatic  orange-coloured  "  sap,"  are  familiar 
examples,  or  the  Compositae,  of  which  in  particular  the  Lettuce  {Lactuea) 
may  be  cited.     Lates  vessels  are  distinguished  from  latex  cells  only 
by  the  method  of  their  development,  which  has  resulted  from  the 
fusion  of  rows  of  elongated  celle,  the  separating  transverse  walls  of  which 
have  become  more  or  less  completely  absorbed,     In  this  manner  a  netr 
work  of  latex  vessels,  such  as  that  in  the  Spanish  Salsify  {ScffTZonera 
hispanicti),  may  be  formed  (Fig.  91).      In  the  formation  of  the  SIEVE- 
VE8SKL.S,  or  sieve-tubes  as  they  are  usually 
termed  (Fig.  92),  the  cell  fusion  is  much 
less  complete.    It  is  confined  to  fine  canals, 
which  perforate  the  cross-wallB,  which  are 
known  aa  sieve-plates.     The  cells  thus 
united  by  the  sieve-pores  remain  as  distinct 
segments  of  the  sieve-vessels.    It  is  worthy 
of  special  note  that,  despite  the  fact  that 
after  the  nuclei  of  the  different  sieve-tube 
segments  become  disintegrated,  their  cyto- 
plasm still  continues  living.      The  walls 
of    sieve -tubes    are    always    unlignified. 
Their  sap  cavities  contain  a  watery,  and 
more  or  less  diluted,  solution  of  albumin- 
ous substances,  which,  by  means  of  the 
pores  of  the  sieve-plates,  may  pass  from 
one  segment  of  the  sieve-tube  to  another. 
As  a  rule,  sm^li   starch  grains  may  also 
be  found  in  the  sieve-tubes.     The  pores 
of   the   sieve -plates    never   attain    great 
ibe  periphery  of  the  Hteiu  ot  dimensions  (Fig.  92,  B,  D),  and  are  gener- 
sconoB*™  ftiJTanin.,  iiiowing  re-  ally    extremely    small.      Sieve-plates    are 
(X  2*9^'^  ""'**'  "****  '■'>"*'*■   sometimes  found  also  in  the  lateral  walls 
of  the  sieve-tubes,  and  the  sieve-pit«  per- 
mit communication  between  adjoining  sieve-tubes.     Such  lateral  sieve- 
plates  are  frequent  in  the  Conifers  (Figs.  85,  93).     As  a  rule,-«ieve- 
tubes  only  remain  functional  for  a  short  time.     After  their  activity 
ceases,  the  sieve-plates  become  invested  with  the  strongly  refractive 
CALLUS-PLATES  (Figs.  92  C,  93  B)  already  referred  to  (p.  80)  in  dis- 
cussing callose. 

A  cell  fusion  also  takes  place  in  the  formation  of  vessels  ax 
TRACHEA  but  it  should  not  be  considered  as  a  union  between  living 
cell  bodies,  but  merely  as  one  between  cell  cavities.  The'  vessels  are 
formed  by  the  absorption  of  the  transverse  walls  of  rows  of  cells, 
the  lateral  walls  of  which  are  peculiarly  marked  by  spiral  or  reticulate 
thickenings,  or,  as  is  more  frequently  the  case,  by  bordered  pits.  In 
cases  where  the  transverse  walls  are  at  right  angles  to  the  side  walls, 
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they  usually  become  perforated  by  a  eingle  round  opening  while  the 
rest  of  the  wall  remains  as  a  thickening  ring  (Fig.  86,  C).  When  the 
tiansTerse  walls  are  oblique,  they  are  then  perEonited  by  several  open- 
ings, between  which  portions  of  the  wall  remain,  like  rungs  of  a  ladder 
(Fig.  94,  5).  According  to  the  mode  of  their  wall  thickening,  vessels 
are  distinguished  as  spiral,  reticulate,  or  pitted.  When  the  trans- 
versely-elongated pits  of  a  vessel  are  arranged  in  more  or  lees  parallel 
rows  (Fig.  94),  it  is  called  a  scalariform  vessel.  The  thickening  of 
the  vessel  walls  is  always  lignilied.     The  living  contents  of  the  cells, 
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after  the  perforation  of  the  transverse  walls,  become  completely 
absorbed,  and  the  fully-formed  vessels  or  trachete  contain  only  water 
and  a  limited  amount  of  air. 

There  is  no  difference  between  vasirorm  traclieids  and  vessels  other  than  that 
the  former  are  single  elongated  cells,  and  the  latter  fused  celt  rowa.  Qenenllj 
■peaking,  trachelds  are  formed  in  pate  of  planta  still  in  proceBS  of  elongation, 
vessels  in  parts  where  growth  in  length  has  already  ceased.  True  vessels  make 
their  first  appearanoe  in  some  of  the  Ferns,  for  instance,  in  the  common  Bracken 
(Fttris  aquilina).  In  the  main,  despite  the  name  Vascular  Cryptogams,  Ferns 
have  only  vaeiform  traoheida.  Even  in  the  Qymnosperma  the  Qnelaaat  are  the 
only  &niily  regularly  provided  with  vessels.  It  is  in  the  Angioaperms  that  vessels 
lint  become  of  f^eqaent  occurrence.  Vessels  are  not  of  an  unlimited  length.  A 
few  plants  however,  such  aa  the  Oak,  and  especially  climbing  woody  plants,  as  the 
Uanes,  have  vessels  several  metres  long ;  but,  as  a  rule,  their  length  is  not  more 
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than  a  metre,  and  in  plants  the  woodj  portion  of  which  conducts  nater  only  by 
vetsels,  the  veaeels  have  an  average  length  ot  only  t«u  centimetres.     The  length  of 
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an  individual  vessel  ia  defined  by  the  preaeuoc  oC  trauaverse  walls,  which  a 
perforated  except  by  bordered  pits. 


Tissues 

A  continuous  aggregation  of  cells  in  intimate  union  is  called  a 
tissue.  The  origin  of  vegetable  tissues  is,  in  general,  attributable  to 
cell  division.  It  is  only  in  the  Fungi  and  Siphoneae  that  a  tissue 
arises  through  the  interweaving  of  tubular  cells  or  cell  filaments  (Figs. 
95,  96).  In  such  cases,  where  the  filaments  are  so  closely  inter- 
woven as  to  form  a  compact  mass  of  cells,  the  apparent  tissue  thus 
formed  has  the  same  appearance  as  the  tissues  of  higher  plants 
(Figs.  97,  98). 

The  mutual  interdependence  of  the  cells  of  a  tissue  is  manifested 
both  by  the  conjunction  of  their  pits  (Figs.  81,  83,  84),  and  by  the 
general  similarity  of  their  wall  thickenings. 

The  PROTOPLASTS  OF  MOST  CELLS  ARE  DIRECTLY  CONNECTED  WITH 
ONE    ANOTHER    BY    MEANS    OF    EXTREMELY     DELICATE    THREADS    OF 
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CYTOPLASM.  These  cytoplasmic  threads  penetrate  the  cell  walla,  and 
ill  particular  the  partition  membranes  of  their  pits  (Fig.  99).  It  may 
be  inferred  that  the  conduction  of  stimuli 
from  one  cell  to  another  is  carried  on  by 
means  of  these  cytoplasmic  connections. 
Viewed  thus,  the  whole  plant  becomes  a 
living  unit  Between  cells  having  such 
cytoplasmic  connections  and  a  fusion  of 
cells,  such  as  a  sieve-tube,  there  is  little 
distinction.  In  this  sense  a  whole  plant 
forms  a  single  cell  fusion,  although  incom- 
plete and  limited  by  cell  walla. 

The  cells  in  a  tissue  may  either  fit 
closely  together,  leaving  no  openings  or 
spaces,  or  so-called  intercellular  spaces 
(iNTERCELLULABs)  may  be  left  between 
the  individual  cells. 

Where  cell  filaments  are  interwoven  pio,  ».— LanKitudimi  wction  of 
into  a  tissue,  their  intercellular  spaces  are  theswii  or  the  fruMfflmtion  of 
represented  by  the  openings  left  between 

the  loosely-intertwined  fiWients  (Figs.  95,  96).     In  tissues  resulting 
from  cell  division  the  intercellular  spaces  arise  subsequently,  as  the 
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partition  wall  between  two  cells  formed  by  cell  division  originally 
belonged  to  both  mutually. 

3uch  a  iittTtition  wall  may  ultimately  split  and  so  give  rise  to  intercellular 
wfatxa,  but  this  only  occurs  after  it  has  been  thickened.  Tlic  cause  of  such 
splitting  ia  to  be  found  iu  the  hydrontatic  pressure  existing  ivithin  the  cells,  and 
ttkeir  consequent  tendency  to  assume  a  spherical  shape.  The  formation  of  inter- 
cellular BpaceB  commences,  therefore,  at  the  cell  comers,  where  the  primary  wall, 
consisting  of  pectinose  material,  becomes  swollen. 

The  simplest  and  at  the  same  time  most  frequent  intercellular 
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spaces  are  triangular  or  quadrangular  in  outliue,  as  seeo  in  cross- 
aection  (Figa.  81  i,  87  i).     In  cases  where  special  portions  of  adjoin- 
ing ceils  are  in  extremely  enei^etic  growth,  intercellular  chambers  and 
passagee,  of  more  or  less  irregular  shape,  may  bo  formed  between 
them.     If  the  growth  of  a^ljoining  cells  is  very  unequal,  it  may  lead 
to  a  complete  separation  of  their  cell  walls ; 
or  the    cells,    or    even    s   whole    system    of 
tissues,    may   be    stretched   and  torn    apart 
It  is  by  such  a  process  that  hollow  stems 
are  formed.     Intercellular  spaces  arising  from 
a  splitting  of  adjoining  cell  walla  are  accord- 
,  ingiy  termed  schizogenic  ;  those  formed  by 
tearing  or  dissolution  of  the  cells  themselves 
are  called  lysioenic  intercellular  spaces. 
Most    intercellular  spaces   contain   only   air, 
although  in  special  instances  they  may  con- 
tain  water   or   excreted   producU,  such   as 
gum,  mucilage,  resin,  or  ethereal  oils,  and  in 
other  less  frequent  cases  latex.     Schizogenic 
intercellular    spaces    are  usually   filled  with 
Fia   w  —  Lo    ituatimi  swtion   '''^'  *^^''^  ^^^  lysigeiiic  spaces  contain  almost 
ofthecoriitaicBii"  oi  Hrriui^  always  either  water  or  excretion  products. 

OUand^,  after  treAliiieiit  with 

chloni Iodide  of  ilnc  bd'1  nie-  Of  the  Bcliizogenic  iut^rcelliilar  ipnces,  those  filled 

thylpne  blue  Wrfiow  the  cjlo-  „iti,  ethereal  Oils  or  resin,  ou  account  of  their 
tti  II  (A(i»  k  "'""  fr^iency,  should  be  psrticuhirly  noticed.  Short 
GEHLon-,  X  MO.)  cavities  and  longer  passages,  or   ducts,  containing 

*  ethereal  oils,  are  to  be  fouod  in  the  stems,  roots, 
and  leaves  of  nnmetous  plant  families.  The  Umhelti/enu  are  especially  rich  in 
these,  and  the  oil-ducts  form  the  characteristic  markings  (vitta)  on  their 
fniibi.  The  Conifers  arc  especially  characterised  by  resin-ducts  (Fig.  139,  A), 
which,  even  during  thefr  formation  by  the  Bcparatiun  of  the  cell  nails,  seem  to  fill 
with  an  e:Tcretion  from  the  cells.  The  enlargement  of  such  intercellular  spaces 
is  accompanied  by  a  division  of  the  surrounding  cells,  the  number  of  which  is  thus 
corresjioudingly  increased.  The  cells  themselves  remain  thin-vralted,  and  in  close 
contact,  but  bulge  out  somewhat  into  the  ducts.  Lysigonic  intercellular  upacea, 
acting  as  receptacles  for  secretions,  liave  the  ap|iearance  of  irregular  cavities  in  the 
tissue.  Where  they  contain  oil  or  resin,  they  develop  from  a  group  of  cells  in  whieli 
theae  substances  appear  in  the  form  of  drops.  The  cell  group  then  becomes  dis- 
organised by  the  gradual  absorption  of  the  cell  walla,  beginning  with  those  of  the 
cells  in  the  centre  of  the  group.  lu  this  way  are  formed  the  receptacles  filled  with 
ethereal  oils,  as,  for  example,  those  in  Dictamnai  {Kutaeeae),  (Fig.  116),  and  in 
Aurantieae,  as  in  the  Orange  and  Lemon.  The  exudation  of  resin,  in  the  ca«a 
of  coniferoiia  trees,  is  preceded  by  the  furmation  of  abnormal  tissnes,  which  after- 
wards become  converted  into  resin.  Such  was  also  the  origin  ol'  amber,  which  ia 
the  fossil  resin  of  the  Amber-fir  (Pieta  luednifera).  The  formation  of  gum  in 
lyaigi'iilc  gum  cavities  is  due  to  the  modification  of  the  cell  walls,  and  either 
normal  tissues  particiiate  in  this  process,  as  in  the  case  of  tjie  gum-arabic  of 
tile  Acacia,  or  abiiomial  tissues  are  Rrst  developed  and  then  transformed  into 
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gum,  as,  for  example,  the  gum  on  Cherry  trees.     Latex  does  not  occur  in  Ijsigeuic 
intercelloliu'  spaces.  < 

The  separating  walls  resnltiug  from  cell  dirisiou  are  simple  lamellfe.  That 
part  of  the  partition  wall  between  two  cells  which  standa  out  so  distiDOtly  in 
a  croeS'Seation  docs  not  consist  of  the  original  primary  ceil  wall  alone.  It  is 
made  np  of  both  the  primary  wall  and  the  primar;  thickening  layers,  and  is  called 
the  HiDDLB  LAHELL4  (Figs.  Bl  in,  83  m).  In  soft  tissues  the  middle  lamella, 
according  to  Hakoin,  is  composed  of  pectose  combined  with  calcium  (calcium 
pectate) ;  in  woody  and  corky  tissues  it  has  the  same  composition,  but  is  also 
ligniGed.  By  boiling  soft  tissues  in  water,  the  cells  may  often  be  easily  isolated 
through  the  consequent  swelling  and  dissolution  of  the  middle  lamella.  In  ripv 
fruit,  an  isolation  of  the  cells  frequently  takes  place  spontaneously,  through  the 
dissolntion  of  the  middle  lamella.  A  lignified  middle  kmella,  on  the  other  band, 
seems  able  to  withstand  more  eflectually  the  action  of  oxidising  agents.  Conse- 
qnently,  it  is  possible,  by  subjecting  a,  section  of  pine-wood  to  the  action  of 
ScBtTLZB's  MACBRATINO  UIXTURE  (potassium  chlorate  and  nitric  acid),  and  subse- 
quentl;  treating  with  ccncectrated  sulphuric  acid,  to  remove  all  secondary  and 
tertiary  thickening  layers,  so  that  only  the  middle  lomellge  remain  as  a  delicate 
network.  If  the  macerating  proceaa  be  continued  for  a  longer  time,  without  the 
subsequent  treatment  with  sulphuric  acid,  the  middle  lamellte  become  finally  dis' 
Hoked.  The  thickening  layer  will  then  be  left  free  from  all  lignifitation,  and  will 
in  that  condition  give  the  blue  cellulose  reaction  with  chluroiodide  of  zinc  (p.  80). 
Schclib's  macerating  method  may  accordingly  be  employed  to  isolate  the  elements 
of  lignified  tissues.  The  inexplicable  attitude  of  the  middle  lamella  towards 
chemical  reagents  gave  rise  at  one  time  to  the  presumption  of  ■  peculiar  inter- 
cellnlor  substance  which,  like  a  glue,  bound  together  the  cells  of  a  vegetable 
tissue.  The  supplementary  deposition  of  pectose  in  the  middle  lomelhe  (p.  SO) 
fteqnently  gives  rise  to  the  formation  of  rod-like  protuberances  and  excrescences, 
which  project  into  the  intercellular  spaces,  or  these  spaces  may  lie  filled  np  by  the 
fOTmation  of  gussets  (Fig.  83,  C,  la').  The  yellowish  brown  colour  assumed  by  the 
pectose  deposited  on  the  walls  of  intercellular  spaces,  on  treatment  with  chloroiodide 
of  zinc,  led  to  the  erroneous  supposition  that  the  intercellular  spaces  in  plants  were 
lined  by  a  thin  layer  of  living  cytoplasm. 

V^etable  tissues  may  be  divided  into  two  groups,  parenchyma 
And  PBOSENCHYMA,  between  which,  however,  no  sharp  distinction 
can  be  made.  A  typically  developed  parenchymatous  tissue  is  one  in 
which  the  thin-walled  cells  are  equally  expanded  in  all  directions,  and 
are,  for  the  most  part,  rich  in  protoplasm.  Typical  prosenchymatous 
tissue,  on  the  other  hand,  consista  of  thick-walled,  elongated  cells,  either 
in  the  form  of  fibres  or  spindle-shaped  cells,  with  interlocking,  pointed 
ends,  and  with  little  or  no  protoplasmic  contents,  A  parenchymatous 
tisane,  in  which  the  celia  are  thick-walled  and  elongated,  resembles  pros- 
enchytna,  bnt  may  be  dietinguisbed  from  it  by  the  alienee  of  pointed 
cell  terminations,  and  especially  by  the  greater  abundance  of  protoplasm. 
Thin-walled  prosenchyma  is  not,  on  the  other  hand,  necessarily  lacking 
in  protoplasm,  but  is  characterised  by  its  pointed  and  interlocking  cells. 

An  undifferentiated  tissue,  the  cells  of  which  are  still  capable  of 
division,  is  termed  embryonic  tissue,  or  meristeh.  The  meriatem  of 
embryonic  rudiments  and  of  the  growing  point  is  called  promeristem, 
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and  all  meriet«matic  tissue  which  can  be  ehowa  to  have  been  developed 
directly  from  such  promeriatem  is  termed  primary.  A  primary 
meristem,  in  the  midst  of  &  completely  developed  tdsaue,  may  still  retidn 
its  meristematic  character.  Fully  differentiated  tissue  is  designated 
PERMANENT  tissue  in  contrast  to  meristematic  tissue.  At  times,  per- 
manent tissue  may  ^ain  become  capable  of  division,  and  in  that  con- 
dition is  called  secondary  ueristeu. 


Tissue  Systems 

A  mass  of  tissue  so  united  in  the  body  of  a  plant  as  to  form  a 
distinct  histological  unit  constitutes  a  tissue  system.  In  the  more 
highly  organised  plants  three  such  systems  may  be  distinguished — the 

TKGUMENTARY    SYSTEM,     the      VASCULAR     BUNDLE    SYSTEM,    and      the 
FUNDAMENTAL  TISSDE  SYSTEM. 

The  tissues  which  make  up  the  different  tissue  systems  are  dis- 
tinguished as  PRIMARY  and  secondary,  according  as  they  are  derived 
from  the  proraeristem  or  secondary  meristem. 

The  primary  tissues  of  the  tissue  systems  will  be  considered  first 


The  PrimaFy  Tissues 

The  TeETumeDtary  System. — InthePteridophytea  and  Phanerogams 
the  plant  body  is  covered  by  a  distinct  outer  tegument  or  epidermis. 
On  the  inside,  the  epidermis,  which  is  usually  composed  of  but  a  single 
layer  of  cells  (Fig.  87,  e),  is  sharply  marked  off  from  the  adjoining 
tissue,  while  on  the  outside  it  is  much  thickened.  This  is  especially 
the  case  in  all  aerial  parts  of  plants  adapted  for  a  long  life,  but  on  the 
more  perishable  parts  of  a  plant,  such  as  the  floral  leaves,  or  on  those 
parts  more  protected,  as  the  root,  the  cells  of  the  epidermal  layer  are 
generally  thin-walled  or  only  slightly  thickened.  Even  when  the 
external  walls  of  the  epidermal  cells  are  considerably  thickened,  the 
side  wails,  at  least  in  part,  remain  unthickened.  The  external  walls 
are  also  more  or  less  cuticularised,  while  their  outermost  layer,  which 
is  more  decidedly  cutjcularised  and  capable  of  withstanding  even  the 
action  of  concentrated  sulphuric  acid,  extends  as  a  cuticle  continuously 
over  the  surface  of  the  epidermis.  The  cuticle  has  its  origin  in  the 
primary  walls  of  the  younger  epidermal  cells,  which,  during  the  increase 
in  size  of  the  plant,  become  very  much  distended  and  at  the  same 
time  strengthened  by  the  deposition  of  cutin.  The  cuticle  frequently 
becomes  folded,  and  so  assumes  a  striped  ippearance  (Fig.  107)i 
Plants  in  dry  climates,  or  so  situated  that,  for  any  reason,  transpiration 
from  their  outer  surfaces  must  be  diminished,  are  characterised  by 
the  extraordinarily  thickened  and  cuticularised  walls  of  their  epi- 
dermal cells.     In  some  of  the  Qramineae,  Eipiiseiaetae,  and  many  other 
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plants,  the  cell  walls  of  the  epidermis  are  silicified.  In  the  Eguisdaceae 
the  impregnation  with  silica  is  so  considerable  that  these  plants  are 
used  for  polishing.  Heating,  eyen  to  redness,  does  Dot  destroy  the 
structure  of  such  silicified  epidermal  cells. 

Deposits  of  wax,  as  De  Bary  has  shown,  are  also  present  in 
the  catiniaed  layers  of  the  epidermis,  and  consequently  water  will 
flow  off  the  epidermis  without  wetting  it.  The  wax  is  sometimes 
spread  orer  the  surface  of  the  cuticle  as  a  wax  covering,  This  is  the 
case  in  most  fruits,  where,  as  is  so  noticeable  on  pliimB,  it  forms  the 
Bo-called  bloom.  The  wax  coverings  may  consist  of  grains,  small  rods, 
or  crusts. 

On  the  nodes  of  many  Cframimae  ths  rod-ehaped  wax  bodies  have  a  consider' 
able  length  (Fig.  100).     The  wax  deposits  attain  their  greatest  thicknesa  on  the 


lesvw  of  some  of  the  PalmB ;  on  the  Peruvian  Wax  Palm,  Gtrixeylmi  andicola,  the 
»-«i  covering  i«  mors  than  6  mm,  thick.  This  wax,  aa  well  as  that  obtained  from 
the  fruit  ofMyrica  art/era,  is  known  ae  vegetable  wax,  and  possesses  an  economic 
valne.  The  vai  incrnstatians  may  be  melted  by  heat ;  they  are  soluble  in  ether 
and  in  hot  alcohoL  In  man;  oaaea,  in  place  of  the  wax  coverings,  small  grains  and 
scales  of  a  fat-like  substance,  whieh  ia  soluble  even  iu  cold  alcohol,  are  excreted 
from  the  hairy  surface  of  the  epidermis.  The  dusty  coverings  thus  formed  appear 
either  mealy  white  or  golden  yellow,  and  arc  the  cause  of  the  striking  appearance 
of  the  Gold  and  Silver  Ferns,  especially  in  species  of  Oyamogramine. 

In  many  Ferns  groups  of  slightly  thickened,  epidermal^  cells  are 
disbHbuted  over  the  l^ves.  These  cells  are  richly  supplied  with 
contents,  and  exude  drops  of  watery  fluid.  Cells  of  this  nature,  which 
thus  serve  the  purpose  of  exuding  or,  at  other  times,  of  absorbing 
water,  have  been  termed  hydatuodes  by  Haberlandt.  In  many 
other  cases,  slimy  or   sticky  excretions  are   produced  between   the 
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thickening  layers  of  the  epidermis  and  the  cuticle,  which  press  up 
the  latter  and  finally  burst  it.  Such  excreting  surfaces  often  occur 
inside  buds.  Sticky  zones  are  frequently  formed  on  etema,  as  in  the 
case  of  Lychnis  vismria  and  other  SileMoe,  as  a  means  of  protection  to 
the  buds  higher  on  the  stem  from  undesirable  visitors.  Small  creep- 
ing insects,  which  would  otherwise  rob  the  flowers  of  their  honey, 
seem  ob  little  able  to  pass  beyond  such  a  sticky  zone,  as  other  l&i^er 
animals  to  surmount  the  rings  of  tar  often  placed  around  the  trunks 
of  trees  for  a  similar  protective  purpose.  Excreting  epidermal  sucfaces 
form  also  the  nectaries  of  flowers,  which  by  means  of  their  sweet 
secretions  lure  such  animals,  generally  insects,  as  are  instrumental  in 
their  pollination. 

The  cells  of  the  epidermis  are  in  uninteiTupted  contact  with  each 
other,  and  the  general  firmness  of  the  whole  epidermis  is  also  greatly 
enhanced  by  their  undulating  side  walls  (Fig.  101).     In  plants  with 
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Special  land  and  water  forms,  as  Baminculus,  the  epidermal  cells  of  the 
land  form  alone  have  the  undulating  side  walls.  In  the  delicate 
epidermal  cells  of  flowers,  ridges  projecting  into  the  interior  of  the 
cells  are  frequently  formed  on  the  inner  side  of  their  aide  walls 
(Fig.  107).  The  protoplasm  of  epidermal  cells  generally  appears  to 
be  reduced  to  a  thin,  peripheral  layer,  and  the  sap  cavities  filled  with 
colourless  sap.  Around  their  nuclei  cluster  the  colourless  rudiments 
of  the  undeveloped  chromatophores,  showing  that,  although  ex- 
posed to  the  light,  their  further  development  may  cease  in  cells  not 
destined  to  take  part  in  the  assimilatory  processes.  Such  epidermal 
cells  with  undeveloped  chromatophores,  besides  acting  as  an  external 
protection,  serve  as  water-reservoirs ;  their  side  walls,  by  means  of 
folds  in  the  unthickened  parU,  can  expand  and  collapse  as  a  bellows, 
according  to  the  variations  in  their  supply  of  water.  In  the  Ferns 
and  also  in  several  families  of  the  Phanerogams  the  division  of 
labour   between  th^  epidermis   and  the  adjoining  tissue  is   not  so 
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strictly  carried  out,  and  the  epidermal  cells  contain  chloroplaats.  The 
epidermis  of  Impaiiena  paTviJlora  (Fig,  102)  has  tolerably  large  but 
only  slightly  green  chromatophores,  and  thus  occupies  an  intermediate 
positiqn  between  the  two  extremes.  The  cell  sap  of  epidermal  cells  is 
often  coloured  red^  in  many  coses  it  hae  been  demonstrated  that 
plaBts  thus  acquire  a  protection  from  excessive  illumination. 

The  formation  of  stomata  in  the  epidermis  is  characteristic  of  all 
parts  of  the  more  highly-developed  plants  which  are  exposed  to  the 
air.  Each  stoma  thus  forms  an  intercellular  passage  perforating  the 
epidermis  and  bounded  by  two  elliptical  epidermal  cells,  termed  guard- 
CELLS  (Figs.  103  A,  104  A).     The  guard  cells  always  contain  chloro- 
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piasts,  and  are  also  characterised  by  their  peculiarly  thickened  walls, 
which  forpi  ridge-like  protuberances  projecting  above  and  below  from 
the  sides  of  the  guard-cells  adjoining  the  air-passage  (Figs.  103  B, 
104  B).  Midway  between  the  projecting  ridges,  on  the  other  hand, 
the  wtjla  of  the  guard-cells  remain  unthickened  (Fig.  105). 

The  gnard-cellB  themselves  jut  out  into  tlio  air.pasaago  (Pigs.  103  B,  104  B, 
lOG),  and  thus  facilitate  ita  closing.  Id  addition,  the  external  tliickened  waits  of 
the  two  adjacent  epidermal  cells  become,  in  some  eases,  suddeuly  narrowed  on 
spproacbing  the  gaard-calls  (Figs.  103  B,  105).  By  this  means  a  hinge-like  eon- 
nectioQ  is  formed  which  renders  the  guBtd'Cells  independent  of  the  other  epidermal 
oelU.  At  other  times  this  same  result  is  accomplished  by  raising  the  atomata 
above  the  epidermis,  or,  which  has  the  same  effect,  by  Binking  them  below  the 
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thickensd  epidermal  w&lla.  Frequently  the  epidermal  cells  adjoining  the  guard- 
cells  are  less  thickened  or  lower  than  the  other  cells  of  the  epidermis  (Fig.  104). 
Such  special  epidermal  cella  are  called  subsidiary  cells. 

The  stomata  are  ronued  b;  the  division  of  a  young  epidermal  cell  into  two  cells 


of  unequal  size,  one  of  which,  the  smaller  and  more  ahnDdantly  supplied  with 
protoplasm,  becomes  the  stoma  mother -cell ;  while  the  larger,  containing  less 
protoplasm,   usually  continues  as  an   epidermal  cell.      The  stoma  mother. cell 
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becomes  elliptical  in  outline  and  divides  again',  by  a  vertical  wall,  into  the  two 
guard-cells,  between  which,  by  a  splitting  of  the  wall,  the  intercellular  passage 
is  formed.  Before  the  formation  of  the  delinitive  stoma  mother-cell,  successive 
divisions  of  the  young  epidermal  cell  often  occur ;  in  such  cases  the  finally 
developed  stoma  is  generally  surrounded  by  subsidiary  cells. 

Stomata  are  chiefly  dovoloped  on  the  green  parte  of  plants,  but  are 
sometimeB  found  even  on  the  coloured  floral  leaves.  They  are  natur- 
ally found  in  greatest  numbers  on  the  leaves,  as  it  is  there  that  tbejr  are 
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most  Deeded  to  facilitate  the  interchange  of  gases  necessitated  by  the 
processes  of  assimilation.  In  dorsiventral  leaves  the  stomata  occur,  for 
the  most  part,  if  not  exclusivelj',  on  the  under  surface,  and  average 
about  100  to  the  square  millimetre,  although  in  some  plants  their 
number  may  reach  700.  Leaves  which  are  alike  on  both  sides 
have  -their  stomata  equally  distributed  on  their  upper  and  under 
surfaces.  Floating  leaves  of  aquatic  plants  have  stomata  only  on  the 
side  exposed  to  the  air.  In  some  cases,  as  in  the  Oleander  {Nerium 
Oleander),  several  stomata  are  situated  together  in  depressions 
in  the  under  surfaces  of  the  leaves.  In  the  tissue  directly  under 
each  stoma  there  is  always  a  lai^  intercellular  air-chamber,  termed 
the  BESPIRATORY  CAVITY  (Pig.  103,  B,  a),  which  is  in  direct  com- 
munication with  other  intercellular  spaces  extending  throughout  the 
leaf  tissue.  In  plants  grown  in  abundance  of  moisture,  these  inter- 
cellntar  spaces  in  leaves  are  larger  than  in  the  case  of  plants  growing 
in  drier  aitnations. 

In  contrast  to  the  stomata,  which  as  air-pores  serve  for  the  inter- 
change of  gases,  a  few  plants  also  possess  water-stouata  or  water- 
PORES,  situated  at  the  ends  of  the  so-called  veins  or  nerves  of  the 
leaves.  These  pores  serve  as  organs  for  the  discharge  of  water  or 
watery  solutions.  Calcium  carbonate,  in  solution,  is  frequently  excreted 
in  this  way,  and  in  many  species  of  Saxifraga  it  forms  white  scales 
on  the  margins  of  the  leaves.  Although  water-pores  may  often  be 
found  at  the  apices  and  tips  of  the  marginal  teeth  of  young  leaves, 
they  seem  to  dry  up  as  the  leaves  become  more  mature.  The  guard- 
cells  of  water-stomata  always 
Mose  their  living  contents  pre- 
maturely, and  thus  the  passage 
between  them  remains  con' 
tinually  open.  The  water- 
stomata  (Fig.  106)  are  always 
larger  than  the  air-st«mata. 
Although  submerged  leaves  of 
aquatic  plants  are  devoid  of 
air  -  stomata,  water  -  stomata 
often  occur  on  them. 

Haii-s  or  trichombs  and 
t^umentary  outgrowths  or 
EMERGENCES  are  characteristic 
of  the  tegumentary  system. 
The  simplest  form  of  hairs  are  f,q.  j 
the  PAPILL-E,  which  are  merely  Tropami,.,, 
epidermal    cells,    the  external  (x...., 

walla  of  which  have  protruded  in  a  conical  form.  Papilhe  are  often 
developed  on  the  petals  of  flowers,  and  are  the  cause  of  their 
velvety  appearance  (Fig.   107).     Longer  hairs,  such  as  the  root-hairs 
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(Fig.  47,  r),  are  also  correspondingly  long  prolongations  of  single 
epidermtj  cells.  The  soft,  hairy 
growths  found  in  young  buds 
are  generally  similarly  prolonged 
epidermal  cells  which,  as  a  pro- 
tective covering,  surround  the 
.  young  growing  tissues  and  aome- 
■    times  remain  on  fully-developed 

F]c.107.-Surb«oftheupperepiaeni>iaofapelii1ar   plants    tO   shield    them  from   tOO 

rwairtaj(or,»how(ngri.ige-iiiieprojMtionBf™n  rapid  evaporation  and  sudden 
.  th»i.u™iw.u.,.«dp«trudmgp.pm^.(xi»,)  ^,j^g^^  ^j  temperature.  The 
parts  of  plants  possessing  such  hairy  coverings  usually  have  a  white 
appearance,  on  account  of  the  air  retained  both  between  and  in  the 
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hairs.     The  hairs  developed  from  some  of  the  epidermal  cells  of  the 
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eeed  coata  of  various  species  of  Gossypium  attain  an  unusual  length, 
and  supply  the  cotton  of  commerce  (Fig.  108).  These  cotton  hairs  are 
sometimes  6  cm.  long,  and  in  their  fuUy-dev eloped  state  contain  only 
air;  their  cell  walls  are  thicker  than  those  of  ordinary  hairs,  and 
covered  with  a  delicate  cuticle.  They  are  usually  somewhat  flattened 
and  at  the  same  time  twisted ;  and  are  wider  in  the  middle  than  at 


either  end  (Fig.  108,  B^.  Bristles  are  short,  pointed  hairs,  in  tlie 
thickened  cell  walls  of  which  calcium  or  silica  has  been  deposited 
(Fig.  109,  below,  to  the  right). 

The  STINGING  HAIRS  (Fig.  109),  such  as  those  of  \ettles(f7j7ira)  and 
of  the  Loasaceue,  are  special  forms  of  bristles,  and  arise  as  prolongations 
of  single  epidermal  cells.  These  however,  swell  in  the  course  of  their 
development,  and  becoming  siirroun  Jed  by  adjoining  epidermal  cells  pre- 
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sent  the  a)ii>ciu-ance  of  being  set  in  sockets  ;  while,  at  the  same  time,  by 
the  multiplication  of  the  cells  in  the  tissue  at  their  base,  the  whole 
hair  becomes  elevated  on  a  column-like  protuberance.  The  hair  lapers 
towards  the  apex  and  terminates,  somewhat  obliquely,  in  a  small  heiid, 
just  below  which  the  wall  of  the  hair  remains  untliickened.  As  the 
wall  of  the  hair  is  silicified  at  the  end  and  calcified  for  the  rest  of  its 
.  length,  the  whole  hair  is  tlierefore  extremely  stiff.  Such  hairs  furnish 
a  means  of  defence  against  animals.  The  heads  break  off  at  the 
slightest  touch,  and  the  hairs  piercing  the  skin  pour  out  their  poisonous 
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contents,  which,  especially  in  the  case  of  the  LtHixiwaf,  may  cause 
severe  inflammation. 

Unicellular  Haiiis,  such  as  we  have  so  far  considered,  may 
terminate  in  well-defined  heads  resulting  from  the  swelling  of  their  tips, 
or  their  aide  walls  may  develop  iiTeguIar  excrescences ;  on  the  other 
hand,  they  may  remain  short  and  expand  like  a  l>alloon,  or  remain 
close  to  the  surface  of  the  epidermis  as  spindle-shaped  (Fig.  110,  A) 
or  stellate  (Fig.  110,-  C)  hairs.  MvLTluELLUL.iR  HAIRS  may  lie  merely 
simple  rows  of  similar  cells,  as  the  hairs  on  tfie  stamens  of  TrmUxcantiu 
(Fig.  .^3) ;  or  their  terminal  cells  may  become  swollen  into  globular 
heads  (Fig.  HI),  like  those  on  the  Chinese  Primrose  (Frimuhi  sinensis); 
or  an  epidermis  may  be  covered  with  shield-,  star-,  or  bowl-shaped 
hairs  (Fig.   1 1 2).     Sometimes  the  hairs  become  variously  branched, 
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and  in  5]>eci:il  cases,  aa  in  the  aculc  hairs  of  Ferns  (Fig.  113),  they  may 
even  have  the  shape  of  a  small  leaf. 

Kmergesces,  unlike  hairs,  are  not  formed  solely  by  epidermal  cells, 
but  a  numljer  of  cells,  lying  more  or  less  deeply  in  the  sub-epidermat 
tissues,  also  take  paH  in  their  foimation.     Tluia,  for  example,  while 
only  a  few  rows  of  sub-epidermal  cells  enter  into  the  formation  of  the 
emergences  (Fig.   114)  on  the  masons  of  the  stipules  of  the  Pansy' 
( rinla  Irirdor),  much  deeper-lying  tissue  participates  in  the  development 
of  the  emergences  which,  as  pricklks,  serve  in  the  case  of  roses  as  a 
means  of  protection,  and  at  the  same  time  are  of  assistance  in  climbing. 
\'&scular  bundles  also  may  be  included  within  the  emet^ences,  as  is  well 
shown  in  the  club-shaped  digestive  glands  or  tentacles  (Fig.  1 1-5)  on 
the  leaves  of  the  Sundew  {J>ro.-^ni).     Some  emer- 
gences resemble  in  structure  certain  of  the  meta- 
morphosed members  of  the  plant  body  described 
in   the  preceding  chapter ;    the   resemblance  be- 
tween prickles  and  thorns,  for  instance,  is  parti- 
cularly noticeable.      The  phylogenetic   origin  of 
emergences,  and  therefore  the  morphological  value 
of  metamorphosed  members,  is  altogetlier  different. 
The  irregular  distribution  of  eraeigences  affords 
an  easy  means  of  distinguishing  tbem  from  stich 
metamorjihosed    members   as   resemble   them   in 
appearance. 

Both  hairs  and  emergences  sometimes  act  as 
secreting    organs,  and  are  then  termed  (jlands. 
In  many  cases  they  are  concerned  with  the  active 
exudation,  and  at  times  also  the  absorption  of 
water.     They  then  belong  to  the  class  of  organs 
designated    HYDATHODEs    by    Habkrlandt    (c/. 
p.  91).      Hairs  which  function  as  hydathodes  are 
usually   multicellular;    they   are   provided   with 
a  short  stalk  and  terminate  in  a  head.     Other 
glandular  hairs  excrete  a  resinous  substance.    Tlie 
liairs  of  Primula  sinensix  (Fig.  1 1 1)  are  in  reality 
sucli  glands,  and  it  is  from  their  excretions  that 
the  plant  derives  its  peculiar  odour.     The  cuticle 
of  the  terminal  globular  head   is  pressed  away  fi".  ii.\-mi;p-.tiveKiii"ii 
from   the  cell  wall   by   the    resinons  matter  ex-       '™"  ''"wu  roiamii- 
creted  from   the  hair,  until,  finally,  the  bulging       ■^"'"''  *'*"''■* 
cuticle   is  ruptured  and  the  resinous  secretion  exudes.     The  similar 
but  more  complicated  glandular  hairs  of  Hops  (Fig.  112)  produce 
a  secretion  called  LUPULIN,  to  which  beer  owes  its  bitter  taste  and 
distinctive   aroma.      The   secretion   is   set  free   by  the   bursting  of 
the    cuticle,    the    latter    having    been    previously    pressed    out    from 
the  underlying  cell  wall  as  a  continuous  membrane    (Fig.    112,  B). 
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The  mucilaginous  matter  produced  in  young  buds  by  the  mucus 
papillae  or  colleters  results  from  the  partial  dissolution  of  the  cell  wall 
under  the  cuticle.  After  the  mucilaginous  secretion  has  been  discharged 
by  the  uitimate  rupture  of  the  cuticle,  another  new  cuticle  forms  over 
the  coutinually  developing  cell  wall,  and  the  process  is  again  repeated. 
The  colleters  are  but  special  forms  of  hairy  structures,  and  are  often 
developed  in  buds  to  protect  the  young  organs  from  drying,  by  means 
of  the  mucilaginous  modification  of  their  cell  walls.  Where  the  dis- 
solution of  the  cell  wall  is  accompanied  by  secretions  from  the  under- 
lying cells,  the  colleters  assume  i-ather  the  character  of  glandular 
hairs.  Such  giandular  colleters  are  jirevalent  in  the  winter  buds 
of  trees  ;  in  the  Horse-chestnut  {Aesculus  HippocastarMm),  for  example, 
the  bud-scales  of  the  winter  buds  are  stuck  together  by  a  mixture  of 
gum  and  resin,  which  has  been  exuded  from  colleters  of  this  nature.  The 
glandular  hairs  of  the  Pansy  (Fig.  114)  act  in  a  similar  manner. 

The  emergences  on  the  leaves  of  the  Sundew  (Drosera),  described 
as  digestive  glands  (tig.  115),  discharge  glistening  drops  of  muci- 
laginous matter,  not  under  tiie  cuticle,  but  directly  from  tlie  surface  of 
the  glands  at  ihe  ends  of  the  tentacles,  Small  animals  are  caught 
by  means  of  these  sticky  excretions,  and  are  afterwards  digested 
by  the  plant.  The  nectaries  of  flowers  also  often  excrete  sugary 
solutions  directly  from  their  surfaces.  Tlie  excreting  cells  are  generally 
thin-walled  and  not  cuticularised.  The  excretion  of  nectar  may  also  take 
place  through  water-stomata.  Finally,  ISTKRCKLLULAR  SECRBTION 
CAVITIES  are  found  on  the  emergences  of  the  inflorescence  of 
Dictamnus  Fnuinelh.  The  lower  distended  portions  of  its  ampnllaceons 
lemergenoes  contain  a  fragi-ant  ethereal  oil,  which  tills  the  lysigenons 
tavity  formed  by  the  dissolution  of  the  secreting  cells  (Fig.  116). 
In  addition  to  these  glandular  emergences,  other  internal  glands  which 
are  developed  ftom  the  epidermis  and  the  underlying  layer  of  cells 
are  found  in  the  leaves  of  Dictamnus. 

In  some  plants  the  epidermis  is  composed  of  several  layers  ;  but 
this  is  of  comparatively  rare  occurrence.  Such  a  many -layered 
epidermis  results  from  a  division  of  the  young  epidermal  cells  parallel 
to  their  external  surface.  The  epidermis  of  Ficns  •■lasiiat  (Fig.  S8) 
lias  three  layers,  and  sei-ves  as  a  reservoir  for  accumulating  water. 
The  cystoliths  of  Finis  ehislica,  already  referred  to,  occur  in  consider- 
ably swollen  epidermal  cells.  The  multi-layered  epidermis  of  the 
aerial  roots  of  many  Orchids,  and  of  various  Aroids,  undergoes  a  i>eculiar 
modification  and  forms  the  so-called  ^'ELAME^'  RADlCl'M  (p.  42),  a  parch- 
ment-like sheath  surrounding  the  roots,  and  often  attaining  a  consider- 
able thickness.  The  cells  of  this  enveloping  sheath  are  generally  provided 
with  spiral  or  reticulate  thickenings,  and  lose  their  living  contents. 
They  then  l>ecome  filled  with  cither  water  or  air,  depending  upon  the 
amount  of  moistui'e  contained  in  the  surrounding  atmosjihere.  These 
root-envelopes  alisorb  water  like  blotting-paper ;    when  the  velamen 

r       ,.,  I,  (.".110*^10 


MORPHOLOfJY 


is  filled  with  water,  the  underlying  tissues  impart  a  greenish  shimmer  to 
the  root;  but  if  it  contains  only  air  the  root  appears  white.  The 
epidermis  of  fniits,  antl  particularly 


of  seeds,  exhibits  a  considerable 
variety  of  modifications  in  its  mode 
of  thickening,  and  in  the  relations 
the  thickening  layers  bear  to  one 
another.      The    purpose    of    these 

modifications  in  the  epidermis  be-  / 1     / 

comes  at  once  evident,  when  it  is  /  ^J 

taken  into  consideration  that,  in 
the  case  of  flowers  and  seeds,  in 
addition  to  protecting  and  enclosing 
their  internal  parts,  the  epidermis 
has  often  to  provide  for  their  dis- 
semination and  {>ermanent  lodg- 
ment. 

The  Vascular  Bundle  System. 

— The     PRIMARY    VASCULAR     BUN- 

DLE.S  extend  in  the  form  of  strands 

throughout  the  body  of  the  higher 

plants.    In  more  transparent  stems  ' 

such  as   those   of  ImjuUint.    larit  , 

jft>ra,  the  bundles  may  be  clearly  >  -^  i 

distinguished   and  their   direction      -=- ^      ~f  |       r" 

followed.     The  arrangement  of  the     — >      "^  aX~ i^i^ 

bniidles  of  leaves  is  apparent  from  /  '    '^     \-^   i-«^-*V-f  ~v 

their  venation  In  man\  |arallel  |.  iin-oianaDiii  hai  numth  <nncim«nn 
veined  leaves  the  bundles  are  easilj  "'  ■"''  "  ''™"  "'•  '"  longiiuiiin*! 
isolated.  This  is  often  done  acci  « ^le b.« '"'a"?^''!*' "™" "20'*""''* 
dentally,  as  when    for  example   in 

picking  a  leaf  of  Plantain  {Piavtu-jd  me-lui)  a  pull  is  given  at  the  same 
time.  The  leaves,  and  sometimes  also  the  stems  of  Mosses,  are  pro- 
vided with  strands  of  elongated  cells,  which  are  tei-med  CONDI'CTINQ 
BUNDIXS.  These  strands  consist  eitlier  of  elongated  empty  elements, 
which  serve  as  water-carriers,  or  include  also  cells  with  protoplasmic 
contents  whicli  transpoi-t  nutritive  material  (Fig.  159).  In  the  leaves 
these  conducting  bundles  constitute  the  midrib.  They  always  consist 
of  elements  devoid  of  protoplasm,  acting  only  as  water-conductors, 
and  of  cells  provided  with  living  protoplasmic  contents,  and  concerned 
with  the  transport  of  nourisliment. 

A  high  degree  of  differentiation  of  the  vascular  bundles  is  first 
attained  by  the  Pteridophytes,  which  are  accordingly  designated 
Vascular  Cryptogams. 

In  the  Pteridophytes,  and  throughout  the  higher  plants,  two  distinct 
portions  may  be  distinguished  in  a  vascular  bundle,  the  tracteral  or 
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XYLJiM  PORTION,  and  the  SIEVE  or  PHLOKSr  PORTION.  While  each 
portion  may  form  Independent  strands,  they  are  generally  united  in  one 
VASCULAR  BUNDLE  (Figs.  117-119).  Other  terms  often  iised  to  designate 
the  vascular  bundles  are  fibro- vascular  bundles  and  mestome.  The 
vascular  portion  is  ulso  termed  the  xvlem  or  HADROME,  and  the  sieve- 
tube  portion  the  phloem  or  LEl'TOME.  The  viiscular  portion  contains 
TRACHE.«  and  TRACHEiDs  as  most  essential  for  the  fulfilment  of  its  func-   . 
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tion  as  a  water-conductor,  vase nlar  elements  (a,  »j>,  m,  Figs,  117,  U  8),  or 
tracheids  alone,  and,  in  addition,  living,  elongated  ])arenchymatous  cells 
that  may  be  designated  XYLEM  or  Tl'OOD  PARENt^HYirA.  In  the  phloem 
portion  the  most  essential  elements  are  the  sieve-tubes  (c),  which  serve 
for  the  conveyance  of  albuminous  matter  They  are  always  accom- 
])anied  by  other  living  cells. ,  either  bj  the  so-c.illed  companion 
(;ells  (.s),  or  in  addition  by  elongated  iu.ienchjmatouB  cells,  or  by  the 
parenchyma  alone.  The  companion  cells  are  sister  cells  of  the  sieve-  ■ 
tubes,  for  both  have  arisen  b\  longitudinal  division  from  the  same  mother 
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are  encircled  by  phloem  consisting  of  sieve-tubes  (c)  and  phloem 
parenchyma  (s). 

Such  vascular  handle  atrands  occur  in  the  Ferna  aud  Sdaijii\ellaccae,  and  also 
iu  the  Lj/copodiacfae,  where  thej'  exhibit  even  n  greater  degree  of  coalescence. 
In  the  Bquisetaceae  the  vascular  bundles  correspond  more  nearly  to  the  collateral 
bundles  of  the  Phanerogams. 

The  vascular  bundles  are  developed  from  strands  of  meristematic 
tissue   which   are   called    pbo- 

CASIBIUM    STRANDS.        In    those  ■  ^      g 

portions  of   plants   which    still  '         \      c^(      I        J> 

retain     an     energetic     vertical 
gronth,  the  procambium  strands 
remain  undifferentiated,  except 
at  definite  points,  where  single 
rows  of  cells  lose  their  meri-    C 
stematic    condition    and    form 
narrow,    annular,    and    spiral  C 
vessels  and  sieve-tubes,  or  sieve- 
tubes  and  companion  colls,  the  C 
structure  of  all  of  which  ia  of 
such   a   nature    as    to    render' 
their  elongation  possible.    Such 
primary  vascular  elements  are 
tenned  protoxylem;  while  the.  "    '— 

corresponding     sieve      elements,  F""-  120.— Tmiiaverse  secUon  uf  central  portion  or 

are  in  like  manner  designated       sX,™^ 'jlhiwrn'^ji^mritj^^^^^ 
PROTOPHLOEM.  The protoxylem       g,  cortex.' {x  no.) ' 
occupies  the  innermost,  the  pro-  . 

tophloem  the  ontermost  side  of  a  procambium  strand,  from  which  a 
collateral  bundle  is  eventually  formed.  After  the  vertical  growth  of 
any  part  of  a  plant  ceases,  the  differentiation  of  tlie  procambium 
strand  into  a  collateral  vascular  bundle  is  continued  from  the  inner 
and  outer  sides  of  the  strand  toward  the  centre.  If  the  whole 
meristematic  tissue  of  a  procambium  strand  is  exhausted  in  this 
process,  the  fin  ally -developed  vascular  bundles  are  said  to  be  closed  ; 
but  if  any  of  the  meristematic  tissue  remains  in  an  undifferentiated 
condition  between  the  xylem  and  phloem  portions,  the  bundles  are 
spoken  of ,  as  OPEN.  The  Pteridophytes  have,  almost  without  excep- 
tion, closed  bundles ;  in  Monocotyledons  also  the  bundles  are  always 
closed  (Fig.  117)';  Oymnosperms  and  Dicotyledons,  on  the  contrary, 
have  open  bundles  (Fig.  119). 

The  meristematic  tissue  which  remains  undifferentiated  between 
the  xylem  and  phloem  portions  of  a  bundle  is  called  the  cambium 
(Fig.  119). 

In  fully -developed  vascular   bundles  the   protoxylem  and  proto- 
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phloem  cease  to  perform  their  functions.  The  protoxylem  elements 
becpme  compressed  land  ruptured  by  the  tension  resulting  from- the 
continued  vertical  growth  {a  and  ii',  P'ig.  118),  so  that  in  their  stead 
a  lysigenic  intercellular  space  la  often  formed  (Figs.  117,  118).  The 
protophloem  elements  (rf.  Figs.  117,  118)  at  the  same  time  become 
disorganised,  and  their  sieve-])lntes  closed  by  a  covering  of  callus. 

In  accordance  with  the  orientation  of  the  xylem,  the  protoxylem 


of  roots  is  found  on  the  outer,  ilot  on  the  inner  side  of   the  vascular 
strands  (Fig.  120). 

The  TermlnatlODS  of  the  Vascular  Bundles.' — In  leaves,  particu- 
larly in  the  deciduous  leaves  of  Angiosperms,  the  vascular  bundles 
become  much  branched  until  finally  they  are  reduced  to  extremely 
fine  strands.  In  the  leaves  of  Gymnospernis  this  branching  of  the 
bundles  does  not  usually  take  place,  but  instead,  a  single  vascular 
bundle  fre<[ueiitly  runs  throughout  the  whole  length  of  the  leaf.     The' 
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rascular  bnodk^  of  the  reticnUte- veined  l«»ves  of  Dicotyledons  illiis- 
trate-the  most  extreme  form  of  branching. 

The  tint  diitri'-'-li-c  -^  thr  '■umlies  iu  the  lr«r-l«nuLa   ftoilitali'.*  the  ri'iinUf 
ranductioii  nf  v-alrr  in  tV.  ]«rt.-  o(  tl.e  Ivaf-Eissur.  aiu)  at  ttit-  saiiir   time  ivuilrrs 

t)ir  bun'lles  in  tLt  I^-ari^  i>  t!:us  fviili'Dtlr  orajvanij^  to  ■  jOanl.  In  tilt'  ^iiiv 
itegree  ak  tlie  TaI>li!:^'Bti•];L-.  n(  ihr  Ta.~oular  buuillp->  are  c<>iitinur>l.  tlie  Imuilli's 
themiwlvea  bt^wnir  ■tifiiiulMl  «n<l  siniiiler  in  stmcHire  Kifi.  1^'.  Tbe  (essels  first 
Ais>p|>ivr,  ami  od]j  sgHrallj  and  retirulalr'lv  Iliirkmeil  traclieiils  reiaaiu  to  jiroviilr 
for  the  w«rt-r-coi>iiiietioii.  The  |>liloeiii  eleiuems  andrrgo  a  similar  miiietiiiu-  111 
ADgios|iemis.  in  vhicti  the^feve-tiil>rsareaeeoni)«Diedby  (-oiiijhtniolieeti^  theAevv- 
labes  hecoDte  narroirn'.  whilst  the  colii|>aiii«D  cells  ivtaJD  their  original  ilimeusions. 
Kinallv,  in  the  c*')U  fornuD);  the  eoutiDuation  of  the  j^ieve-tubrs,  the  Itmgttnittnal 
division  into . sieve-tubes  ami  rompaoionoelU  ciiH'i>ntinne:>.audTlLi>:slTl»N  iKLl  nhix- 
formed.  With  these  the  sieve-tubes  temiiiule.  although  the  vaseiilnr  JHtPtion  of 
ihp  bundl^K  still  coatiuuei  to  W  ivpreseuteil  by  short  !!]>iral  traeheiiU,  until  tiimlly 
they  too  disapjiear,  eitlier  tenninalinj^  blindly  or  autu-touiosiu};  ujth  other  vascular 

The  Fundamental  Tissue  System  usually  forms  the  principal  part 
of  Che  primary  tissues  of  the  body  of  n 
plant.  The  whole  tissue  of  the  lower 
plants,  as  it  ehows  no  internal  differ- 
entiation, may,  in  a  certain  sense,  be 
■  considered  fundamental  tissue.  The 
other  tissues  have  gradually  been  de- 
veloped from  the  fundamental  tissue  in 
the  course  of  phylogenetic  development.' 
The  fundamental  tissue  in  the  higher 
plants  is  enclosed  by  tegumentary  tissue,  ' 
and  traversed  by  the  vascular  bundle 
system.  While  the  tegumentary  tissue 
protects  the  plant  externally,  and  the 
vascular  bun<l!e  system  performs  the 
office  of  conduction,  and  also  of  me^ 
chauically  strengthening  the  plant,  the* 
duty  of  providing  for  the  nutrition  of 
the  plant  and  of  storing  reserve  food 
material  falls  chiefly  to  the  funda- 
mental tissue.  The  fundamental  tissue  i 
consists,  therefore,  for  the  most  part  of 
]«renchymatoua  cells  containing  chloro- 
phyll, at  least  to  such  depth  as  the  light  penetrates;  hut  internally, 
and  wherever  the  .'tissues  are  so  situated  as  to  be  unaffected  by  the 
influence  of  the  lijrht,  a  colourless  parenchyma  is  found.  The  funda- 
mental tissue  system  also  takes  part  in  providing'  for  the  mechanical 
rigidity  of  plants,  and  in  connection  with  this  function  it  possesses 
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collenchyma  (Fig.  87,  c)  and  sclerencbyiiia  as  its  special  mechanical 
tissues.  The  collenchyma  is  unlignified  and  very  elastic,  atid  thus 
fitted  for  stretching;  it  is  the  form  of  mechanical  tissue  suitable 
for  those  parts  of  plants  still  undergoing  growth  in  length.  The 
sclerencfaymatous  fibres,  on  the  other  hand,  are  formed  after  growth  in 
length  has  ceased,  and  sclereides  arise  even  later.  The  elongated  cells 
of  the  fundamental  tissue  also  perform  a  certain  share  of  the  work  of 
conduction,  and  are  specially  active  in  the  transport  of  carbohydrates. 
Secondary  or  waste  products,  resulting  from  chemical  changes,  are  also 
deposited  in  special  cells  of  the  fundamental  tissue.  Consequently 
idioblasts  (p.  83),  containing  crystals  or  rows  of  crystal -containing 
cells,  are  often  met  with  in  the  fundamental  tissues,  together  with 
cells,  tubes,  cavities,  or  canals  containing  tannin,  gum,  resin,  ethereal 
oils,  latex,  or  alkaloids.     Such  waste  products  are  for  the  most  part 


r  the  surface  of  a  plant,  in  order  to  serve  as  a  defence 
against  destructive  animals,  or  that  they  may  afterwards  be  thrown  off 
along  with  the  superficial  tissue.  Cells  containing  these  waste  products, 
particularly  crystal  cells  and'latex  tubes,  are  often  found,  therelore, 
accompanying  the  phloem  portion  of  the  vascular  bundles. 

Tlio  Aroideae,  NytaphaciKfae,  and  aevural  otiier  plant  ftlnilies  noswess  a  iiecuiiar 
fomi  of  idioblasta,  tlie  ao-called  internal  hairs,  which  project  into  the  iutercellular 
s|>acen  of  thp  fuudamental  tissue.  In  the  wide  intercvllular  posrogps  of  the  leaf 
aud  flower  stems  of  the  Watt^r-Lily  these  idioblaato  are  stellatu  in  form  (Fig.  123). 
Their  walls  are  strongly  tliickened,  and  jirovided  with  short  jirotaWranceH  in  which 
sinatl  cryHtal.s  of  caleiiim  oxalate  (ire  deposited. 

The  Distribution  of  the  Primary  Tissues 

In  the  body  of  multicellular  plants  a  distinction  between  an  outer 
small-celled  and  firm  tissue  and  an  inner   large-cSipd   looser  tissue 
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aoon  become,  .pparenl.     The  outer  ti™..  .'"f  "n"  •yU'*'-.  "»■ 
teclioo,  the  inneVfor  conduction  .ud  .l«m(,'''"l>"  »  «~«  l'el<»ig»  f 
tissues    accordingly   become   elon- 
gated  for  the  purpose  of  conduc- 
tion.    Tlie  outer  tissues  in  plants, 
which  must  provide  independently 
for  their  own   nourishment,  con-  ** 
tain  •  chromatophores     fitted     fo"**  " 
assimilation,  and  are   eorrespo-:'  '" 
ingly   coloured,  while   the   =  scleren- 
.  -11        ill  tissue, 

tissues    remain    colourless.  .' 

outer  iwrtion  of  the  fund'"  ""^  "^P'" 
tissue  thus  diir.ffin-ti.ted  "MM""; 
the  CORTEX,  the  inner  th  ■«  "■«  «»"»! 
or  Mill.  Au  epidei-  ''!  l'"«'"« 
guishable  from  the  CO  I"'"!*  «»'.'"«     " 

Tn  some  of  th.  Mos.,?' "''  ""  *"'")'  ,„  „.    ;..,,,„.  ^„„, .,  „„  ,,„„ 

.       ,    ,..,„„,rless  parenchyma.    ►'"■  i''-— r™n'"'rsi)  swunu  uiuie  luiBnut 

distinction  beLweei  '^.  '  „f  fhn>  atxiu.,.,.    ,.  vn-ruiKr  imiitiiB 

■    c    »  f  „„  1  ;„  ,Jf  the  tissue  of  the       ,i™,i,i.(BfiiiH>sipieav  i  Mkrcm^iivniatoiw 

18  first  found  in  I  M™mi.(9.iiiHMWiiM).  i.M.irrcni^i)iiiaioiw 

.     I     ,     .    become    sclerenchy-       ptaif»-,(p,  peniihemi  am*  or  «i.reji«iiy- 

organised  plants.  ■^         ,ant^,it  ni,re»'  r  tortei-  r  i.i.uien.ii. 

In   the  Ste--^^;  ^■>;   sclerenchy-      ^^.^ 

■     nlant  t**  ''       often  surround 

th       Tteniat  ."^'^^  ^  sheaths,  or  accompany  the   phloem  portion   in 

^  ^'  strands  (Figs.  117,  119).     Whenever  such  a  sheath  of 

^^a  is  developed  ahout  a  bundle,  it  is  always  interrupted  on 

^'1°''^^' of  the  bundle,  at  the  junction  of  the  xylera  and  phloem 

-sk'^  P'w^fcliy'^^i's  '^^"^  o"^  ^y  <^s"8  which  are  only  slightly 

j^^gand  lignified.     These  cells  facilitate  the  exchange  of  water 

■/""'  ^^ material  between  the  vascular  bundles  and  the  fundamental 

f  pl  »^i  are  spoken  of  as  l-RANSFUSioN  strands. 

f"  ,  V»»e  of  Plianeiogaiiis  the  central  cylindiT  is  sinijile  and  octiijiios  a.  more 

PP — -V   tral  positioii.     In  aome  f«w  inBtmices,  howevrr,  it  breaks  uji  iuto  Buveral 

■:  inders  or  m-hizostkles.     Such  scliiiosteleB  axe  found  in  the  stums  of 

'-;  and  Gunii^ra.     Tlie  tissue  that  suniiunds  and  separates  tlicxi'  central 

'   currespoiids  tn  the  priitiory  cortex. 

>^aHcular  bundle  strands  (p.  104)  of  tlie  Pteridophytes  are  also  to  be  regarded 

ateles.     In  tliv  Kteiiis  of  Ferns  they  are  usually  Bejiorated  from  one  another 

17)  and  situated   in   the   fniidaniental   tissne  belonging  to  the   jirirnary 

'tirui'i  '^^"'  '"  "''^  ^'"'  "^^^  '"  ^^^  Seloginetlas.     In  Lya-podium  (Fig.  128),  on 

lp;im*trary,  the  schiitostBles  become  united  into  a  central  g.imustei.k.      In  tliese 

<tUiiKW  tke  xylcm  ]iortions  of  the  single  scbizostelrs  foini  separate  bands,  whilst 

""'"ytniating  pbloeln  ]>ortions  are  fuseil  with  one  another.    The  vascular  bundles 

^t  Iquitetaefoc  (Fig.  3-18),  on  the  otlier  band,  are  collateral,      Tliey  arc  similar 

,,  Me  of  Phanerogams,  and,  like  tliein,  are  arranged  in  a  circle  within  the  central 

bet  {el]  with  the  xyleiii  innermost  and  the  jddoeni  outcmioat.      They  sur- 

dertrP  ''  '"S*  medullary  canity  (m)  formed  by  the  disni]>lion  of  the  pith  of  the 

I.    niDdeH.    The  central  cylinder  ia  completely  euc]os«<l  by  the  iiriniory  cortex  (eh). 
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no  sharp  distinction  between  primary  cortex  and  central  cylinder,  com- 
parative investigation  alone  can  determine  whetlier  a  tissue  belongs  to 
the  primary  cortex  or  to  the  central 
cj-linder.    Although  the  fuudamejital  / 

tissno  of  the  primary  cortex  is  pre- 
eminently a  chlorophyll -containing 
tissue,  portions  bordering  on  the 
epidermis  frequently  become  con- 
verted, for  mechanical  purposes,  into 
strands  of  coUenchyma  or  scleren- 
chyma.  Such  a  mechanical  tissue, 
which  serves  to  strengthen  the  epi- 
dermis, is  known  as  a  hypoderma. 
Of  the  tissues  composing  the  central 
cylinder,  the  pericyck,  the  primarj; 
medullary  rays,  and  medulla  consist 
of  fundamental  tissue,  and  are  chiefly 

composed  of  colourless  parenchyma.  F"j.i!^.-TmD"v«rie  »Kt™i  i.ftiw  rhiiome 
A  part,  however,  of  tlie  tissue  of  the  ,trtini«{iii'iiiHKifie»):(,«;irKiicii>-iiiBiou» 
pericycle  may  become  sclerenchy-  jiUim;  ly,  i>eriphergi  ame  of  wiiTrnchj-. 
malous  (Fig.  \25,  pc) ;  sclerenchy-  uatoii.  m.ra;  s,  coit^i;  f,  i.,,icienui«. 
inatous  elements  also  often  surround 

individual  bundles  as  sheaths,  or  accompany  the  phloem  jKirtlon  in 
the  form  of  strands  (Figs.  117,  119).  Whenever  such  a  sheath  of 
aclerenchyma  is  developed  about  a  bundle,  it  is  always  intemipted  on 
both  sides  of  the  bundle,  gt  the  junction  of  the  xylem  and  phloem 
jiortions,  by  parenchymatous  cells,  or  by  ceils  which  are  only  slightly 
thickened  and  lignified.  Tliese  cells  facilitate  the  exchange  of  water 
and  food  material  between  the  vascular  bundles  and  the  fundamental 
tissue,  and  are  apoten  of  ae  transfusion  strands. 

In  the  cast^  of  Phsaeroganis  thp  i-eiitrnl  cylinder  is  sinipk'  ami  acciipiL'N  it  more 
or  less  ct-ntral  jiosition.  In  sonie  few  inBtMicea,  however,  it  bieaks  up  into  several 
gartial  cjlioders  or  hthizoktkles.  Siieli  aeliizosteles  iire  found  in  the  Htenut  of 
Attrkula  and  GuKaera.  Tlie  tissue  tliat  surrounds  and  Hejiiirates  tlicae  central 
tjliiiiiers  corresponds  to  tlie  iiriiliarj  cortex. 

Tlie  vascular  bundle  stianda  (p.  lOA)  of  the  Pteridopbytps  are  also  to  lie  regarded 
u-  HcUixostele:^.  In  the  stems  of  Ferns  they  are  usually  se]>arated  from  cute  another 
(Fig.  127)  and  situated  iu  the  finidaniental  tissue  belonging  to  the  ]iriuiary 
curlex.  Tills  is  also  the  Base  in  the  Selaginellas.  In  L'jtupiKUttni  (Fig.  1^8},  on 
the  contrary,  the  schizosteles  become  united  into  a  central  o.vUustrlk.  Iu  these 
gamusteles  the  .tyleni  |>ortions  of  the  single  schiawtpU-s  fomi  seiiarate  bands,  whilst 
the  alternating  jfhiocni  [lortiolis  are  fused  with  one  another.  The  vaseiilur  bundles 
1  \  Rf  iut  tac  (Fig.  346),  on  the  other  hand,  arc  eollateral.  They  are  similar 
to  ho<e  fPh  nerogams,  and,  like  them,  are  armuged  in  a  circle  within  the  central 
\  (  0  w  li  the  xylem  innermost  and  the  phloem  outermost.  They  sur- 
1      larg      ledullary  cavity  (m)  ronned  by  the  disruption  of  the  piiii  cl  the 

u-    od        TI     central  cylinder  is  eoiLipIetcly  ciictoaed  by  the  l>riniarj- cortex  («i). 
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In  the  Htenis  of  FeruH,  strands  or  ))latea  of  scUreuctiyDiutoiis  fibres  are  diitpersed 
tliroughout  till!  fiindameuUl  tissue,  which  belongs  to  tlie  primary  cortex.  Tliese 
jiUtes  of  atlerencliyma,  particuhtrly  notii'i^abU  from  the  brou'n  colour  of  the  wullt  of 
their  fibres,  surround  and  afcomjiany  the  scliizosleleit.  In  Stlai/iittlta,  ou  the  otlier 
hand,  the  scbizoxtelea  are  RUH|iended  witliin  iotercellulnr  [lussBges  by  means  of  cell 
filaments.  In  the  case  of  ij/cujiorfiwrn  the  gftnioatclcsare  Jirotccted,  and  t  lie  rigidity 
of  the  stem  secured  hy  a  strongly  thickened  inner  zone  of  the  cortex  (Fig.  128,  ri). 

In  Roots,  the  division  between  primary  cortex  and  central  cylinder 
is  sharply  marked  by  the  endodermis,  into  which  the  innermost  layer 
of  the  primary  cortex  is  usually  transformed  (Figs.  120,  126,  f).  The 
central  cj'linder  becomes  completely  shut  off  from  the  primary  cortex 


by  the  suberisation  of  the  lateral  walla  of  the  endodermal  cells, 
and  by  their  close  and  uninterrupted  contact,  ^\'hile,  by  this  means, 
the  passage  of  gaaes  from  the  interceJlulai'  ai>ace3  of  the  cortex  into 
the  central  cylinder,  and  the  consequent  obstruction  of  the  water- 
channels,. are  prevented,  the  passage  of  watt^r  fi'om  the  cortex  to  the 
central  cylinder  can,  at  the  same  time,  go  on  unhindered  through  the 
unsuberised  inner  and  outer  walls  of  the  endodermal  cells.  In  this 
manner  it  is  possible  for  the  water,  absorbed  from  the  soil  by  the  root 
hairs  or  by  the  surface  of  the  roots,  to  be  transferred  to  the  tissues  of 
tlie  central  cylinder.  In  the  older  parts  of  the  roots,  which  no  longer 
absorb  water  from  the  suil,  the  cells  of  the  endodermis  become  greatly 
thickene<l,  but  generally  on  one  aide  only.  Shoidd  the  thickening 
occur  at  an  early  stage,  then  sjiecial  endodermal  cells,  directly  external  to 
the  xylem  strands,  remain  unthickcned  and  serve  as  transfi'SIun  ceu-s 
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{Fig.  129,/).  While  the  root-hairs  are  as  a  rule  developed  from  the  cells 
of  the  epidermis,  they  may,  in  ease  the  epidermis  is  thrown  off  with  the 
rootcap,  arise  from  the  outermost  cortical  layer,  which  then  assumes  the 
fanctions  of  an  epidermis.  In  any  case  the  epidermis  ultimately  dis- 
appears, and  the  outermost  cortical  layer  becomes  cuticularised  and,  as  an 
BXODERHts,  takes  its  place.     In  aerial 

roots  the  epidennia  may  become  con-  * 

verted  into  a  many-layered  tracheidal 

ROOT-SHEATH  (p.    100). 

The  PRIMARY  CORTKX  OF  BOOTS  is 

composed  of  colourless  tissue  which, 
with  few  exceptions,  consists  wholly 
of  parenchyma.  Although  the  cells  of 
the  outer  layers  of  the  cortex  are  un- 
int«miptedly  in  contact  with  one 
another,  the  inner  layers  are  often 
provided  with  intercellular  air  cavities 
or  passages. 

The  outer  layer  of  cells  {Figs. 
120,  126,  129,  p)  of  the  CENTRAL 
CYLiNDBK  OF  ROOTS  often  forms  the 
pericycle  (pericambium) ;  this  usually    i 

consists  of  a  single  layer  of  cells,  ,„„„,„  ^„  „,„  hucrcii™ 
hut  may  be  many -layered  or  entirely  side;  /,  inDuhuioD  ceii;  p,  prricycie; 
absent  The  xylem  and  phloem  ■■.  pWoem ; ».  "uhwI  ot-yiein ;  c,  cottet. 
portions  of  the  xylem  bundles  of  <"'*"-> 
roots  form  separate  strands  (p.  103),  radially  disposed  and  alternat- 
ing with  each  other  (Pigs.  130,  136).  It  has  already  been  shown 
that  the  narrowest  elements  of  the  vascular  strand  are  outermost. 
Roots  are  described  as  diarch,  triarch,  polyarch,  according  to  the  number 
of  the  radiating  vascular  strands.  For  example,  the  roots  of  Admits 
Cahmus(Fig.  120)areoctarch,  those  of  ^i/tum  Cg«i{Fig.  126)hexarch. 
The  vascular  strands  may  either  meet  in  the  centre  (Fig.  126)  or  they 
may  surround  a  central  pith  {Fig.  120).  Like  the  corresponding 
tissue  in  the  stem,  the  fundamental  tissue  between  the  xylem  and 
phloem  strands  may  he  termed  primary  medullary  ray  tissue. 

Thfce  is  never  more  tlian  oue  ceutral  cylinder  in  a  root  ;  ia  the  tubers  of 
Orcliids  the  sppareDtl;  large  cumber  of  such  cylinders  may,  on  phylogeuetic 
groaods,  be  considered  as  having  resulted  trom  a  fusion  of  an  equal  number  of 
roots. 

Leaves  consist  chiefly  of  fundamental  tissue.  This  tissue  is  a  con- 
tinuatioD  of  the  fundamental  tissue  of  the  primary  cortex,  and  is  teiTied 
the  11K.S0PHYLL.  It  is  traversed  by  vascular  bulidles,  and  covered  ex- 
ternally with  an  epidermis.  As  the  vascular  bundles  on  entering  a 
leaf  are  accompanied  by  fundamental  tissue  from  the  central  cylinder 
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of  the  Etem,  they  are  in  reality  partial  cylinders  or  schizosteles.  Id 
Pteridopbytes,  the  partial  cylinders  of  the  leaves  join  those  of  the  stems, 
and  both  have  the  same  structure ;  in  Phanerogams  each  partial 
cylinder  of  a  leaf  includes  only  a  single  vascular  bundle,  bo  that  as 
many  partial  cylinders  as  vascular  bundles  enter  the  leaf.  The  meso- 
phyll  and  the  tissue  of  the  partial  cylinders  always  remain  separated 
in  the  leaves.  The  sheaths  of  fundamental  tissue  from  the  central 
cylinder,  which  often  accompany  the  vascular  bundles  when  they  enter 
the  leaves,  eventually  disappear  with  the  repeated  branchings  of  the 
bundles.  The  mesophyll  thereupon  forms  a  mesophyll  sheath,  which 
corresponds  to  the  pliloeoterma  of  stems  (p.  109),  and  closes  contigu- 
ously about  the  free  ends  of  the  bundles  (Fig.  121).  Thus,  in  the  more 
highly  organised  plants,  the  kpidermis,  primary  cortex,  and  the 

TISSUES  OP  THE  CENTRAL  CYLINDKR,  OR  OF  THE  PARTIAL  CYLlflpERS, 
WITH  THEIR  VASCULAR  BUNDLES,  FORM  ISOLATED  TISSUE  SYSTEMS, 
THE    MUTUAL     INDIVIDUALITY    OF    WHICH     IS    MAINTAINED     TO  "  THE 

VERY  LAST  RAMIFICATIONS.  The  cells  of  the  mesophyll  sheaib  are  char- 
acteristically elongated,  and  are  distinguishable  bj"*  their  uninterrupted 
contact  In  addition  to  the  isolation  of  the  mesophyll  from  the 
tissue  of  the  partial  cylinders,  the  mesophyll  sheatli  has '  also  to 
perform  the  important  function  of  taking  up  the  carbohydrate  in 
solution  and  of  transferring  them  from  the  leaf  to  the  stem.  The 
vascular  bundles,  in  turn,  provide  the  leaf  with  wat«r  together  with  the 
salts  held  by  it  in  solution,  and  also  carry  away  the  albuminous  sub- 
stances produced  in  the  leaf.  ' 

The  leaf-buDdles  of  Gyninospcrms  ore  unbraDched,  and  the  4iDCe39ary  communi- 
cation betivoen  the  hunillro  and  tliE  surrounding  tissut  in  maintained  by  nieaus  of 
BVNDLE'FLASOER.  On  til*  vftucuUr  siileof  the  bundlir,  the  projecting  flanges  couaiat 
of  dead  parencliyiua  without  protoplasm,  tlie  cellii  of  which  contain  only  water,  and 
■re  provided  with  bordered  pita,  so  that  in  tlda  reajidet  tli*y  resemble  tiacheidrt  ; 
on  tlie  phloem  side  the  pttrenchymatoua  celhi  of  the  bundle' fUilges  are  Atll  ol' 
living  j>rotDpUsm.  The  tmusfuaiou  of  the  contents  of  the  buudles  and  the  sur- 
rounding tiasnu  is  carried  ou  hy  means  of  the  bundle-flanges ;  the  mesophyll  receiva^^ 
its  supply  of  nater  from  the  vascular  portion,  while  tlie  albuminous  snbatanoes 
of  the  leaf-tissue  are  in  turn  transferred  to  tlie  phloem  [lortion  of  the  bundles. 

In  certain  families  of  the  Dicotyledons,  jarticularly  in  the  CrasfKlaceae,  the 
mesophyll  of  the  leaf-lamina  forms  jH'culiar  masses  of  tiiisuv  called  the  KP1THF.M1! 
between  the  swollen.  termiiiationH  of  the  bundles  and  the  eiiidemiis.  The  celUt 
of  the  epithenie  are  small  and,  for  the  most  [lart,  devoid  of  chlorophyll  ;  they 
ate  full  of  water,  and  joined  closely  together,  leaving  only  very  small  interspaces, 
which  are  filled  with  water.  The  epithemes  serve  as  iuterual  hjchitliodes  (qf.  p.  91) 
for  the  disciiargp  of  water,  in  most  eases  by  means  of  water-[HU'es  (p.  9S)  situated 
immediately  over  them. 

The  mesophyll  of  the  coloured  FLORAL  LEAVES  of  the  Angiosperms 
usually  consists  of  a  somewhat  loose  tissue,  containing  intercellular 
spaces  and  traversed  by  vascular  bundles.     The  laminae  of  many  assi- 
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mikting  FOLIAGE  leaves,  especially  of  sfaade-Ioving  plants,  may  have  a 
similar  uniform  structure  ;  but  they  are  usually  more  complicated, 
and  exhibit  a  difference  in  the  structure  of  their  upper  and  lower 
sides  (Fig.  130).  They  are,  accordingly,  dorsiventral,  and,  in  corre- 
hktion  with  this  difference  in  structure,  their  two  surfaces  react  dif- 
ferently toward  external  influences.  In  such  dorsiventral  stnictures 
the  upper  epidermis  is  succeeded  by  one  or  more  layers  of  cylindrical 
parenchymatous  elements  elongated  at  right  angles  to  the  surface,  and 
known  as  the  palisade  cells.  These  are  especially  rich  in  chlorophyll, 
and  contain  only  small  intercellular  -apaces.  Adjoining  the  palisade 
parenchyma,  and  extending  to  the  epidermis  (ep")  on  the  under  surface 
of  the  leaf,  is  a  loose  tissue  called  the  spoxgy  parenchyma.  In  contrast 
to  the  palisade  cells,  the  cells  of  the  spongy  parenchyma  are  less 


Fio.  130.  —  TmiiBi-erw  sectlDii  uf  n  Jait  uf  y-giL,  i^lmica.  t,;  EpiUi^niiis  of  upiwr  (veiitnil) 
muftice  :  rjf,  ejriilenuis  of  unaer  (Jotwl)  aiirtBce;  ffi™,  eloiignted  eiJideriuiiL  c^n  above  a 
vsMUtar  biiiHlIt:  pi,  palLsiule  jMreiichynin  ;  «,  eqll^clJng  Eell»i  ly,  a|>ougy  jmreiicbyiin ;  t, 
idiolilanta  TilUi  nysUla,  in  f  irltli  nystal  ii|cBnit«t«  ;  ii,  stiiiim.    (  k  SiiO.) 

abundantly  supplied  with  chlorophyll ;  they  are  also  much  more 
irregular  in  shape,  and  enclose  large  intercellular  air-spaces.  The  pali- 
sade cells  are  elongated  in  the  same  direction  in  which  the  rays  of 
light  penetrate  the  leaf-lamina,  and  by  this  moans  are  particularly 
adapted  to  their  special  function  of  assimilation.  The. spongy 
parenchyma,  on  the  other  hand,  is  arranged  to  facilitate  the  free 
passage  of  gases,  and  to  that  end  develops  large  intercellular  spaces 
in  dii-ect  communication  with  the  stomata  of  the  under  epidermis. 
Haberlandt  has  estimate<l  that  to  every  square  millimetre  of  surface  in 
a  leaf  of  liicinn^  mmmuiiig  there  are,  in  the  palisade  cells,  403,200 
cidorophyll  granules;  in  the  cells  of  the  s|)ongy  parenchyma  only 
92,000  ;  that  is,  82  per  cent  of  all  the  chlorophyll  granules  belong  to  the 
upper  surface  of  the  leaf,  and  only  18  per  cent  to  the  under  side. 
The  palisade  cells  are  often  arranged  in  groups,  in  which  the  lower  ends 
of  the  cells  of  each  group  converge  (Fig.  130).     In  this  way  several 


>^jOOg[c 


palisade  cells  come  into  direct  contact  vith  a  single  expanded  cell  of  the 
Bpongy  parenchyma,  which  thus  functions,  apparently,  as  a  collecting 
cell  for  a  group  of  palisade  cells.  The  products  of  assimilation  are 
passed  on  from  the  collecting  cell  through  the  spongy  parenchyma, 
to  be  finally  carried  to  the  mesophyll  sheath  surrounding  the  vascular 
bundles. 

In  the  crosB' section  (Fig-  130)  of  a  leaf  of  the  Beech  (Fa^vji  ailvaHea)  only  a 
small  vascular  bundle  is  sbown.  The  large  bundles  ore  so  surrounded  by  elongated 
coUenchymatous  cells  that  they  appear  aa  projecting  riba  on  tbe  under  aide  of 
the  leaf.  In  other  leaves  the  vsacnlar  bundles,  especially  on  the  phloem  side,  are 
accomj^nied  by  sclerenchymatous  fibres.  Other  strands  of  sclerenchyma  which 
are  iudetiendent  of  the  vascular  bundles  are  often  met  with  in  tbe  hypoderma. 
Single  {k)  and  aggregate  crystals  (^)  are  also  present  in  the  mesophjtl  of  leaves. 
Often,  aa  in  the  case  of  the  Beech,  cells  contajuiug  single  crystals  accomj^ny 
the  bundles  throughout  their  whole  course.  la  addition  to  crystal  cells,  all  _the 
other  forms  of  secretory  cells  and  glands  may  exist  in  leaves. 

At  the  base  of  the  lamina  the  tissues  close  together  and  pass  into 
the  leaf  petiole.  The  dorsiventral  structure  of  the  leaf  becomes  less 
evident  in  the  petiole ;  the  cells  become  more  elongated,  either  for 
the  better  performance  of  their  conductive  functions,  or  to  enhance 
the  mechanical  rigidity  of  the  tissue.  In  Angiosperms  the  partial 
cylinders  of  the  leaf,  usually  an  odd  number,  and  each  containing  a 
single  vascular  bundle,  arrange  themselves  in  regular  order  as  they 
pass  through  the  petiole,  and  frequently  form  a  bow-shaped  figure, 
opening  upwards.  Qn_6ntering  the  stem  the  vascular  bundles  of  ..the 
leaf  join  the  vascular  bundles  of  the  centraTcylinder  ;  ttin  fiini)}^]n(»ntal 
tissue  of  the  leaf -cylinders  T)ecomcs,~6iiiinarIy,  uhiEei3""with  the  corre- 
sponding  tissue  of  the  central  »!jTtnds¥s.  In  the  petiolea  of  Ferns,  the 
partial  cylinders  are  accompanied,  as  in  the  stem,  by  sclerenchymatous 
fibres.  It  is  the  peculiar  arrangement  of  these  brown-walled  scleren- 
chymatous plates  which  forms  the  double  eagle  apparent  on  cross- 
sections  of  the  petiole  of  Ptais  aquilina,  and  from  which  it  derives  its 
specific  name.  The  partial  cylinders  of  the  leaves  of  Pteridophytes 
also  join  the  partial  cylinders  of  the  stem,  and  their  corresponding 
elements  become  united. 

The  Course  of  Vascular  Bundles. — The  bundles  maintain  a  definite 
course  and  arrangement  within  the  body  of  a  plant.  It  is  aome- 
times  pf^Hjle.  by.jmceration,  to  obtain  jireparations  in  which  the 
""""^lll!!^  [>)j  rba  h"iini|]p~i'i-tv"^i^  followed^  Similarly,  by  allow- 
ing  a  leal,'st«m,  or  flower  to  lie  in  water  untifit  has  become  softened 
and  disintegrated,  a  skeleton  formed  by  the  more  imperishable  vascular 
system  may  be  obtained. 

Vascular  bundles  which_pa33  frpni  ^jeafinto  a  Btem,_Bgd  continue 
^i'l?liP?l-CfillJSiU-ArerSn^'XSEiMP^Jr~^'heTeaf- 
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"accordingly  distinguished  as  one-strand  or  many-Btrand  leaf-ttaces. 
Sometimes  a  single  vascular  bundle  becomes  branched,  and  so  appears 
to  be  composed  of  more  than  one  bundle.  Eventually,  however,  each 
bundle  coalesces  with  another  entering  the  stem  from  a  lower  leaf. 
The  arrangement  of  the  bundles  in  a  stem  varies  according  to  the 
distance  and  direction  traversed  before  the  coalescence  of  the  bundles 
takes  place.  A  relatively  simple  bundle  arrangement  may  be  seen 
in  the  Equiseituxae.  In  this  family  the  leaves  are  arranged  in  alter- 
nating whorls.  From  each  leaf  a  one-strand  leaf-trace  enters  the 
stem ;  at  the  next  lower  node  each  bundle  bifurcates,  and  each  half 
coalesces  with  the  bundles  entering  the  stem  from  the  leaves  of  that 
node.  This  arrangement  of  the  bundles  may  be  shown  diagrammatic- 
ally,  by  representing  the  bundles  ae  if  on  the  surface  of  an  unrolled 
cylinder,  so  that  they  all  appear  in  one  plane.  This  is  shown  in 
Fig.  131,  and  the  connections  of  the  bundles  of  the  lateral  branches 
with  the  bundles  of  the  parent  stem  are  also 
shown  (<?).  As  the  branches,  in  the  case  of 
the  Equiselciceae,  alternate  with  the  leaves,  their 
bundles  on  entering  the  stem  are  between 
two  leaf-traces  of  the  same  node,  and  at  once 
become  fused  with  the  leaf-trace  which  has 
come  frona  the  leaf  immediately  above  tliem  in 
the  next  higher  node.  The  arrangement  of  the 
bundles  in  the  Yew  (Taxus  baccaUi),  although 
its  leaf-traces  have  only  one  bundle,  is  much 
more  complicated  (Fig.  132),  for  the  bundles 
maintain  a  distinct  course  throughout  twelve  j 
intemodes  before  coalescing.  Each  bundle  at 
first   descends  in  a  straight  direction  through 

four  interoodes  ;  it  then  curves  to  the  side  to  pusiTnof  iwiibr  bun- 
give  place  to  a  newly-entering  leaf-trace,  with  iii™  ofthe  uiewi  ahoou 
which  it  finally  coalesces  at  the  twelfth  inter-  witii  tho«  or  oie  p»rent 
nod&  The  position  of  a  leaf  necessarily  deter- 
mines the  point  of  entrance  of  its  leaf-trace  into  the  stem,  and 
accordingly  a  diagram  {Fig.  132)  of  the  bundles  of  Taxtis  will  exhibit 
a  divergence  of  the  leaf-trace  corresponding  to  the  -^t^  divei^ence  of 
the  leaves.  The  course  taken  by  the  leaf-traces  in  the  stem,  however, 
is  independent  of  tjie  leaf  position,  and  varies  considerably  in  different 
stems,  although  the  divergence  of  their  leaves  may  be  the  same. 

As  a  general  rule,  the  leaf-trace  bundles  in  Gymnosperms  and 
Dicotyledons  arrange  themselves  in  a  circle  in  the  stem.  There 
are,  however.  Dicotyledons  in  which  the  vascular  bundles  form  two 
(Fki/tolacM  dioira.  Piper)  or  more  circles  {AmaraiUm,  Pujmrer,  Tlialktrum). 
In  such  cases  the  inner  circle  is  usually  more  or  less  irregular. 

In  the  stems  of  Monocotyledons  (Fig.  124)  the  vascular  bundles 
are  scattered,  and  without  any  apparent  regular  order.    Their  irregular 
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arrangement  is  due  to  the  varying  distances  to  which  the  bundles  of  the 
leaf-traces  penetrate  into  the  central  cylinder  of  the  stem.  A  common 
arrangement  of  the  bundles  in  monocotyledonous  stems  is  that  of  the 
so-called  Palm  tyije,  in  which  each  leaf-trace  consists  of  the  numerous 
bundles  which  pass  singly  into  the  stem  from  the  broad  leaf-base.  The 
median  bundle  penetrates  to  the  middle  of  the  stem.  The  depth  to 
which  the  lateral  bundles  penetrate  varies  with  their  remoteness  from 
the  median  bundle.  In  their  descending  course  the  bundles  gradually 
curve  outwards,  and  finally  join  other  bundles  near  the  periphery  of 


the  stem.  The  number  of  internodes,  therefore,  through  which  a  bundle 
passes  before  coalescence  is  variable  ;  the  median  bundle,  however, 
continues  distinct  for  the  longest  distance.  The  deeper  penetration 
and  greater  length  of  the  median  bun<lle  become  apparent  in  a  median 
longitudinal  section  of  such  a  stem  (Fig.  133).  In  addition  to  the 
leaf-trace  bundles  or  coiirsrf  in  bundles,  which  are  common  to  both  leaf 
and  stem,  there  are  others,  called  CAUMNE  bundles,  which  belong  solely 
to  the  stem,  and  again  others,  FOLIAR  bundles,  which,  on  entering  the 
stem  from  the  leaf,  at  once  coalesce  with  other  bundles  and  have  no 
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independent  existence  in  the  stem.  The  bundles  enclosed  in  the 
partiiii  central  cylinder  of  the  PM:eridophytes  are  continued  as  cauline 
bundles  in  the  stem,  and  those  from  the  partial  cylinder  (Schizostele) 
of  the  leaves  join  on  to  the  bundles  of  the  stem. 

The  MteiDB  of  many  Dicotyledons  (Begonias,  Aralias)  in  addition  lo  leaf-traces 
possess  canline  bundles,  which  are  sitiiatwl  in  the  [■itli  within  the  ring  of  leaf- 
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Irace  Imndles  of  the  intemodpH ;  ivliilp  the  arrangement  of  the  bundles  at  the 
nodes  la  more  complicated,  as  the  caviline  hiindlen  then  branch  and  are  connecti'd 
with  the  leaf-traces. 

Within  the  central  cylinder  of  roots,  the  xylem  and  phloem  strands 
pursue  their  vertical  direction  without  deviation.  If  the  changes 
occurring  in  tlie  arrangement  of  the  vascular  bunilles,  during  their 
passage  from  the  hypocotyl  (p.  45)  into  the  root,  I>e  followed  in  a 
seedUng,  it  will  be  found  that  the  xylem  and  phloem  portions  of 
collateral  bundles  separate  from  one  another,  and  at  the  same  time 
the  xylem  portions  twist  through  an  angle  of    180°,  bo  that  their 
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mer  sides  become  turned  outwards.  The  separation  of  the  xylem 
InC  phloem  may  be  accomplished  without  any  further  division  of  the' 

indies,  the  xylem  and  phloem  portions  of  which  then  simply  arrange 
themselves  side  by  eide ;  or  it  may  be  accompanied  by  a  complete 
radial  division  of  the  phloem,  and  a  subsequent  coalescence  between 
the  parts  of  the  phloem  of  different  bundles.  In  the  adjoining  figure 
(Fig.  134)  the  transition  stages  occurring  in  the  Yew  (7'(KCT«,&(n;ai^a) 
are  diagrammatical ly  shown.  The  two  vascular  bundles  from  the' 
cotyledons  {cc),  in  their  passage  through  the  hypocotyl,  undergo  a 
radial  division  extending  through  the  phloem  to  the  protoxylem. 
The  two  halves  of  each  xylem  portion  separate  from  one  another, 
and  the  protoxylem  strands  turn  through  1 80°  and  thus  come  to  lie 
on  the  inner  side  of  the  xylem  strands.  The  two  halves  of  the  phloem 
portion  separate  from  each  other  in  a  tangential  direction,  and 
coalesce  with  the  phloem  portion  of  the  adjacent  bundle.  Thus,  in  the 
root,  two  phloem  strands  finally  alternate  with  two  xylem  strands. 
At  the  same  time,  owing  to  the  disappearance  of  the  pith,  there  is  a 
diminution  in  the  diameter  of  the  central  cylinder  of  the  roots. 

A  Special  Form  of  Qrowtb  Id  Thickness  of  the  Stem  by  means 
of  the  Continued  Enlar^ment  of  the  Fundamental  Tissue. — This 
is  often  exhibited  by  many  Palms.  Eichler  has  shown  that  growth 
in  thickness  is  solely  due  to  the  continued  expansion  of  the  already 
existing  cells  of  the  fundamental  tissue  of  the  central  cylinder.  In 
this  process,  by  the  expansion  of  the  cell  lumen  and  increased 
thickening  of  the  walls,  the  strands  of  sclerenchjrmatous  fibres  accom- 
panying the  vascular  bundles  on  their  phloem  sides  also  become 
greatly  enlarged.  In  this  form  of  growth  in  thickness,  which  appears 
to  be  limited  to  the  Palms,  no  new  elements  are  formed. 


The  Secondary  Tissues 

ThroBgh  the  activity  of  a  cambial  tissue,  functioning  either  as  a 
primary  or  secondary  meristem  {p.  90),  secondary  tissues  are  added 
to  the  previously  existing  primary  tissues,  or  even  substituted  for 
them.  Although,  phylogenetically  considered,  secondary  tissues  seem 
to  have  been  developed  first  in  the  Pteridophytes  in  forms  now  only 
known  in  a  fossil  condition,  Cahimariene,  SigiU<irie<.ie,  Lepulmlendru,  they 
are  now  only  of  general  occurrence  in  the  Phanerogams,  and  in  them 
the  formation  of  secondary  tissues  is  almost  exclusively  confined  to 
the  roots  and  stems. 

The  Cambium  Ring:- — The  cambium  of  the  open  vascular  bundles  of 
Gymnosperms  and  Dicotyledons,  which  exhibit  a  growth  tn  thickness, 
commences  its  activity  almost  directly  after  the  formation  of  the 
primary  tissue.  The  cambium  or  primary  meristem  remaining  between 
the  xylem  and  phloem  portions  of  the  bundles  consists  of  only  a  few 
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layers  of  thin-walled   cells    full  of  protoplasm.      Of  these   cambial 
layers  the  middle  one  is  Mrmed  the  initial  layer  ;   and  from  it 
proceeds  the  development  of  new  tissue  elements.    Its  activity  consists 
in  a  continued  division  by  means  of  tangential  and  occasionally  radial 
walls.     The  new  cells  thus  continuously  given  off  toward  the  xylem 
and  phloem  sides  of  the  bundles  experience  another  tangential  division 
before  atoning  their  definite  form  as  elements  of  the  xylem  or  phloem 
portions.      The  vascular  bundles  of  Gymnosperms  and  Dicotyledons 
capable  of  seconaary  growth  are  usually  arranged  in  a  circle.     Aft«r 
the  cambium  in  the  bundles  begins  its  activity,  a  zone  of  tangentially 
dividing  tissue,  called  the  interfascicular  cambium,  develops  in  the 
primary  medullary  rays   between  the   original  biindJeB,  and,  uniting 
with  the   cambium  in  the  bundles,  forms  a  complete  cambium  ring. 
This  cambium  ring  is  thus  composed  of  two  distinct  forms  of  meri- 
stematic  tissue  ;  for  while  the  cambium  of  the  bundles  or  the  fasci- 
cular CAMBIUM  consists  of  primary  meristem  {p.  90),  the  connecting 
zone  of  interfascicular  cambium  is  of  later  development,  and  is  con- 
sequently a  secondary  meristem  (p.  90).     A  cross.section  of  a  young 
stem   of   Aristolochia  Siplu),   with   the  cambium   ring   in   process   of 
formation,  is  represented  in  Fig.    135;  in   Fig.  136  a  single  bundle 
of  the  same  cross-section,  more 
highly  magnified,  shows  the  fas- 
cicular cambium  in  a  condition 
of  active    division.     Within  the 
bundle  may  be  seen  two  large 
vessels   (»»'),   in  a  still  incom- 
plete   8tat« ;    while    in   the   ad- 
joining  fundamental  tissue   the 
cells  which  give  rise  to  the  in- 
terfascicular   cambium    may   be 
plainly    distinguished.     All   the 
tissue    arising    from    the    inner 
aide  of  the  cambium  ring  goes 
to  form_  the  wood,   whUe   that 
produced «  on  '   t^he    outside     is   fiu.  135.— Tmil.verM -scti™  of «  sicm  of  Jnx^- 

tenned       bast.    ~  TJie      vascular         inAfa  Sip*o  S  mm.  in  tliiiknm«.    w,  Modulla; 

portions  of  the  wood  form  the       ^'  J"-"'!'' bujjrti.;  w  »yi..«|ct  i,hw,:  jt, 

WOOD  STRAND^  the  Sieve  por-  birnn;  p,  iihlwm  pH«ich;iM:  i--,  ppricytlo; 
tions  within  the  bast  the  BAST  ''^^  fl"*:  <•'  wlereni'.byiiia ;  r,  »lJ.rch-.hratli': 
STRANDS.       By    the    activity    of         =^  Primar>^  wrt.-i ;  .;,  coll? nthjiii*  .n  prmmry 

the  interfascicular  cambium,  the 

primary    medullary   rays   are    continued   throughout  both    the   wood   • 
and    hast.      As    the    wood    and    bast    strands    enlarge,    secondary 
MEDULLARY  RAYS  are  developed  from  the  fascicular  cambium.      In 
one  direction  the  secondary  medullary  rays  terminate  blindly  in  the 
wood,  and  in  the  other  in  the   bast ;   the  later  they  develop,  the 
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less  deeply  they  penetrate  the  tissues  on  either  side  of  the  cauibittm. 
The  primary  medullary  rays  are  therefore  often  distinguished  as 
long,  the  secondary  as  short  medullary  rays.  The  expression  trans' 
verse  parenchyma  is  also  sometimes  used  to  designate  the  medullary 


with  tlK  hucirulsr  cambluni ;  r,  nieTO-tubfB ;  clip,  [■rotnphloein  ;  jk,  in-rieycle ;  jA,  innfr  pul 
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rays,  which  in  fact  are  compoBed  almost  exclusively  of  parenchymal 
ous  tissue.  The  cells  given  off  by  the  initial  layer  of  the  carnbium 
.  for  the  formation  of  medullary  rays  do  not  undergo  a  further  division, 
as  in  other  cases,  but  assume  at  once  the  character  of  medullary  ray 
celts. 

The  cambium  oells  have,  for  the  most  part,  tlie  sliape  of  riglit^auglcd  prisms,  of 
wliith  the  radial  diameter  h  smaller  t)iau  the  taugi^ntial.     Tlie  ends  of  tbeM  prisms 
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arc  UHUslly  oDe-aidnl,  taperiugtoa  jioint.  altornately  on  the  right  and  left  sides.  Tlie 
length  of  tlif  cambium  cells  varies  in  dilferent  plants,  but  ihoae  from  wiiicb  medul- 
lary rajs  are  formed  are  the  shorter.  The  primary  vascular  portions  of  the  bundles 
projecting  into  the  medulla  conatitute  what  is  known  as  the  MEDfr.LAiiY  sueath. 

Owing  to  climatic  variations,  the  cambium  tissue  of  woody  plants 
exhibits  a  periodical  activity  which  results  in  the  forraation  of 
ANNUAL  RINGS  of  gTowth  (Figs.  137,  139,  145).  In  spring,  during  the 
period  of  energetic  growth,  lai^r  tracheal  elements  are  developed 
than   in  the  following  seasons  (Figs.   139,  146).     For  this  reason  a 


;  1,  S,  3,  4,  the  foot  •ucr:ess<ve  annual  riiisa  of  tlie  wood  :  t,  JuiicUon  o 
e  yean  ;  iut,  nu',  ns'",  medullary  mys  in  transvene,  ndlal,  and  tauRen 
view  ot  uieJiillary  i»y>  In  the  hMt ;  c,  e«>nl)iura  rtiig ;  b.  baat ;  *,  renin  i 


difference  is  perceptible  between  the  early  wood  (spring  wood),  which 
is  composed  of  large  elements  especially  active  in  the  conveyance 
of  water  (Fig.  1 39,  / ),  and  the  late  wood  (autumn  wood),  consisting 
of  narrow  elements  which  impart  to  a  st«m  its  necessary  rigidity  (Fig. 
139,  a).  Throughout  the  greater  part  of  the  temperate  zone,  the  forma- 
tion of  wood  ceases  in  the  latter  part  of  August,  until  the  following 
spring,  when  the  larger  elements  of  the  si)ring  wood  are  again 
developed.  Through  the  conse<[uent  contrast  in  the  structure  of  the 
early  and  the  late  wood,  the  limits  (Fig.  137,  i)  between  successive 
annual   rings  of  growth  become  so  sharply  defined  as  to  be  visible 
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even  to  the  naked  eye,  and  so  serve  as  a  means  of  computing  the  age 
of  a  plant. 

Under  certein  conditions  the  Dumber  of  annual  rings  may  exceed  the  numlier  of 
yearaorgroiFth,  as,  Tor  instance,  when  hii>si'mmkr  ueowtk  occurs,  such  oacomniauly 
happens  in  the  Oak,  wlieu,  after  the  destruction  of  lejives  by  i;at«rpillara,  a  second 
formation  of  spring  wood  ia  occasioned  by  the  new  outgrowths  thua  induced.  In  the 
iTOod  of  tropical  plants  the  annunl  rings  may  be  entirety  absent.  This  occurs,  far 
example,  in  the  tropical  Conif*rs  of  the  genus  Araiuxiria,  which,  in  this  respect, 
ahov  a  marked  contrast  to  the  Couifers  of  the  uorthern  zone.  Any  interruption  of 
growth,  such  aa  would  occur  daring  a  drought,  followed  by  a  period  of  renewed 
activity,  may  occaston  the  formation  of  annual  rings  even  in  tropical  plants. 

Although  a  cessation  in  the  formation  of  wood  takes  place  so 
early,  the  cambium  tissue  continues  to  form  bast  so  long  as  climatic 
conditions  permit  As  a  rule,  however,  fewer  elements  are  added 
to  the  bast  than  to  the  wood.  Up  to  a  certain  period,  in  the  age 
of  woody  plants,  the  elements  of  both  wood  and  bast  exhibit  a 
progressive  increase  in  size. 
/-^  The  living  elements  may  remain  in  a  state  of  greater  or  less  activity 
throughout  the  whole  of  the  wood,  extending  even  to  the  pith ;  such 
wood  is  called  splint  wood :  the  Beeeh  {Fagixs  sylvatica)  may  be  quoted 
as  an  example  ;  in  the  other  wood,  the  heart-wood,  the  living  elements 
die  after  a  certain  time,  so  that  only  dead  tissues  are  found  within  a 
certain  distance  of  the  cambium.  Before  the  death  of  the  living  cells, 
they  usually  produce  certain  substances,  such  as  tannin  and  gums, 
which  penetrate  the  cell  walls  of  the  surrounding  elements,  and  also 
partially  close  their  cavities. 

The  tannins  impart  to  the  dead  wood  a  distinct  colour,  often  very 
characteristic,  especially  when  it  has  been  transfonned  into  wood 
dyes,  or  so-called  XYLochromk  The  tannin  in  the  woody  walls  acts 
as  a  preservative  against  decay,  while  the  gums  close  the  functionless 
water-courses  of  the  dead  wood.  The  dead  portion  of  the  wood  of 
a  stem  is  called  the  heart- wood  or  duramen,  in  contrast  to  the  living 
SAP-WOOD  or  ALBURNUM.  Usually  the  splint  or  sap-wood  is  at  once 
distinguishable  from  the  heart-wood  by  its  lighter  colour.  In  some 
stems,  however,  the  heart-wood  does  not  change  its  colour.  In  that 
case,  as  the  protecting  materials  are  generally  absent,  it  is  liable  to 
decay,  and  then,  as  so  often  occurs  in  the  willow,  the  stem  becomes 
hollow. 

The  sap-wood  is  limited,  according  to  the  kind  of  wood,  to  a  larger  ot  amaUcr 
number  of  the  younger  annual  rings,  and  to  it  falls  the  task  of  water-conduction. 
The  distinction  between  aap-  and  lieart-wood  is  sharpest  nhere  the  latter  is 
dark -coloured,  as  iu  the  Oak,  with  its  bro»n  heart-wood,  and  in  species  of  Dii's- 
pyroa,  whose  black  heart-wood  furiiiHlK-s  ebony.  The  darker  the  heart-wood,  the 
hardei'  and  more  durable  it  viuually  is.  The  following  may  be  mentioned  as  examples 
of  woods  which  yield  dyea  and  colouring  principles— //n(nin(03;i/;im  campecliia  hhvi. 
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>.  IBS.  —  Tnosvene  aectlan 
tliB  hfart-wood  or  RoMnIa  PwnJooiciii,  rloseil 
by  tyiaaxH ;  tt  a.  a  \a  shown  the  FonDKtion 
bet*»n  the  tylosss  snd  the  cells  from  which 


L.  (Campeachy  wood,  logwood),  with  a,  blue  heart-wood  from  which 

ia  extracted  ;  Pterocarput  sanlalinus,  L. 

of  which  SANTALIK  13  obtained ;  Caeaal- 

pinia  biaailimris,  L.,  and  C.  echinala, 

Iadl  (Brazil  wood,  Pernambuco  wood], 

with  a  red  heart-wood  which  supplies 

BKASILIN ;    and    the    Alaage    Orange, 

Madura  auranliaea,'Nutt.  (yellow  Brazil 

wood),  which  has  a  yeltow  heart-wood 

from  which  hor[!1  is  derived. 

Tyloses  (Fig.   138)  ar 
mental  in  closing  the  wi 
the   heart- wood.      These 
growths  trom  living  cells,  which 
trate    the    cavities    of   the    adjoining 
tracheal  elements  during  the  transition 
of  the  aap-wood   into  heart-wood.      In 
the    formation    of  tyloses   the   closing 
membrane  of  the  pits  of  pitted  vessels 
forms  bulging  ingrowths  into  the  vessel 
cavities.     3nch   bulging  ingrowths  in- 
crease in  size  until  seveial  meet,  and  so 
more  or  less  completely  close  the  cavities 
of  the  vessels  into  which  thej  have  in- 
truded.     The  closing  membrane  of  the 

bordered  pita  in  the  heart'wood  is  pushed  to  one  side,  so  that  the  torus  presses 
against  the  opening  of  the  pit  and  completely  closes  it.  According  to  H. 
Mayk,  resin  does  not  penetratt  the  walls  of  wood  cells  under  normal  conditions  ; 
the  wood  of  Conifers  only  becomes  resinous  through  the  impregnation  of  the  cell 
walls  with  resin,  alter  they  have  become  dried  up  through  wounds  or  other  causes. 
The  resin-ducts  of  Conifers  may  also  be  closed  by  the  formation  of  tyloses. 

The  elements  of  secondary  growth  in  Gymnosperms  and  Dicoty- 
ledons differ.  The  vascular  strands  of  Gymnosperms  are  composed 
almost  exclusively  of  tracheids  (Fig.  139).  These  are  provided  with 
bordere<l  pits  which  are  situated,  for  the  most  part,  in  their  radial 
walls.  With  the  exception  of  the  genus  Ephedra,  true  vessels  are  not 
found  in  the  secondary  growth,  nor  in  the  primary  vascular  portions,  of 
the  bundles  of  Gymnoaperms.  The  wood  produced  by  the  cambium 
conslBts  of  radial  rows  of  tracheids,  the  number  of  which  is  occasionally 
doubled  by  the  radial  division  of  a  cambium  cell  (Fig.  139,  a).  The 
tracheids  of  the  early  wood  (/)  are  distinguishable  from  the  late 
tmcheids  (s)  by  theirrlarger  lumina. 

In  the  Pine,  the  early  as  well  as  the  late  tracheids  have  bordered  pits  in  their 
radial  walla  only  ;  while  in  other  Conifers  they  are  present  also  in  the  tangential 
walls  of  the  later-formed  tracheids.  The  bordered  pits  in  the  early  tracheids  are 
not  only  more  numerous,  but  also  larger  than  those  in  the  later  tracheids  (Fig. 
Ill,  t).  The  tracheids  are  often  over  a  metre  long,  much  longer  than  the  cambium 
cells  from  which  they  are  daveloi)6d.  They  attain  thia  length  by  a  subsequent 
growth,  dnring  which  their  growing  ends  become  pushed  in  between  one  another. 
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In  addition  to  the  tracheids,  small  amounts  of  wood  parenchyma 
are  also  produced  in-  Gymnosperme  by  a  transverse  division  of  the 
cambium  cells.  It  is  in  tlie  parenchymatous  cell  rows  of  the  wood  of 
Pines,  Spruce-Fii-8,  and  Larches  that  the  scbizogenoua  resin-ducts  are 
prwiuced  (Fig.  139,  A),  In  other  Conifers  the  wood  parenchyma  con- 
sists of  simple  rows  of  cells,  which  afterwards  become  filled  with  resin. 

In  the  structure  of  their  secondary  tissue  the  wood  strands  of 
Dicotyledons  exhibit  a  great  variety  of  fonn.  These  structural  differ- 
ences may,  however,  be  reduced  to  a  fewphylogenetic  variations.  In 
fact,  it  is  customary  to  derive  all  the  elements  entering  into  the  forma- 


wood;  I,  lat«  wood;  r.  bordprod  iiit;  v,  iiiter]K>4ltlon  of  a  new  row  of  tiMJicifUi  rrguHinrj  ^iii 
tlie  radlBl  .iivisiuu  of  n  caiiiWiiiu  cf-U  ;  h,  reaio  a^m]* ;  m,  uiedollm-  ")■» :  V,  limit  "t  ble 

tion  of  the  wood  of  Dicotyledons  from  the  two  classes  of  tissue  already 

met  with  ill  the  Gymnosperms,  tracheal  tissue  and  the  parenchymatous 
tissue  of  the  wood.  To  the  tracheal  tissue  belong  the  tracheids  (Fig. 
1 43,  i)  and  the  vessels  (;/).  Under  the  i>areiichymatou8  tissue  of  the 
wood  are  included  wood  parenchyma  (Fig.  144,  hp),  with  relatively 
short  ceUs  rich  in  contents ;  FiBKOUs  cells  {ef),  of  greater  length,  but 
with  similar  contents  and  not  more  strongly  thickened ;  and  wood 
FiBiita  (A),  which  are  usually  greatly  elongate<l,  pointed  at  both  ends 
an<l  strongly  tliickened. 

The  traclical  tinsile  cuiisiati^  ul'  elenieuts  wliii'li  lonu  tlielr  living  contetits  at 
at)  early  atagi",  aiwl  in  tlicir  fully -de  v«lo[ie<l  coiiditiou  are  in  reality  only  dead 
cell  cavitios.     In  this  claas  are  included  TR.^tHEiiis  liaring  relatively  wide  luniiua 
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■nd  large  bordered  pita  (Fig.  143,  i),  and  often  also  «pir»llj  tliickened  traclieids 

irhich  serve  as  water-camera  ;  VAStULAR  TEAfUBlDa  [gt),  with  similar  fuuctions, 

but  with  the  structure  and  tliiiken 

ings  of  ie<iselii,  ^ibkl  tba<heiii<< 
(jl),  with  small  lumina  and  pointed 
ends,  IiaviDg  only  small,  obliqiiel} 
e'ongated  bordered  pits,  and,  m  ex 
treme  cases,  eTercismft  merely  me 
chanical  functiona  ,  and  finally  tha 
<  HE*  (ij),  formed  by  cell  fusion,  and 
provided  with  all  the  different  forms 
of  thickenings  by  which  they  art 
distinguished  as  annnlar,  spiral 
reticulate,  or  pitted  teasels  All  *' 
\es3els  function  as  water  carrifra  If 
tbej  have  small  lumina  and  resemble 
tracheidi,  they  maj  Tie  distinguished 

genorallv  the  case,  thej  have  bordered         *" 
piti  on  their  lateral  walls,   they  are 
UHUally  provided  intii  tertiary  thick-       ' 
eniDg  layers  in  the  form  or  thin  spiral 
handa  {Fig    14S,  m)      In  the  iiaren 
(liymatous  tissue   of  the   Kood,  the    Piu 
cells  (Fig   144)  generally  retain  tlieir        o 
h>ing   coDtenta,   and   never  develop        '■ 
true   bordered   piti  uith  a   tonta   in        '' 
the    closing   membrane,    winch    are        ( 
HO     characteristic    of    the    water  coo 

ducting  elements  All  tissues  of  tlita  class  mav  in  best  denied  Irom  uood 
jarenchyma.  The  wood  parenchyma  is  produced  by  traniverae  diiision*  oi 
the  cambium  cells,  an'l  accordingly  consists  ol  rows  of  cells  {hp)  with  trausvent 
division  walls,  and  other*  obli<jiielj  dis[Mi3e(l,  which  corres|iond  to  the  alternately 
difltrently  pointed  ends  of  the  eambivim  mother  cells  The  cells  of  the  wood 
parenchyma  are  provided  with  simple  round  or  elliptical  pits,  varying  in  sue  in 
dltTerent  kinds  of  wood  .  they  generally  contain  starch  ;  and  some  of  them  also 
take  up  by-products,  resulting  from  metabolism,  or  from  the  cbumioalclianges  taking 
place  within  a  plant  in  the  procesaea  of  its  nutrition  and  growth.-  The  cells  liavjug 
the  closest  resemblance  to  those  of  typical  wood  |>arcncbyma  arc  the  so-called 
riBBOua  (.'Ei.LK  {(fl-  In  their  contents,  as  well  as  in  their  iva"  thickenings,  they 
■re  similar  U>  the  cells  of  wood  jiarenchyma,  but  are  loi'ULed  directly  from  one 
eatire  cambium  cell.  In  their  formation,  the  cells  of  the  cambium  tissue  do  not 
undergo  a  transverse  division,  but  become  more  or  leas  elongated  and  fibrous.  The 
LiBRiFOKM  FiBBBs  or  WOOD  FIBRES  (A)  have  a  Similar  origin,  but  are  even  more  elon- 
gated and  have  thicker  walla,  and,  at  the  same  time,  barrow,  obliquely  elongated,. 
simple  ptl«.  Although  the  wood  hbrea  may  continue  living,  in  the  more  I'Xtremely 
developed  forms  (A)  they  lose  their  living  contents.  They  arc  then  filled  witli 
air,  and  their  fiinction  is  merely  mechanical.  Under  certain  oouditions,  by  later 
transverse  divisions,  the  libriform  hbres  may  become  trunsformed  into  seitaje 
WOOD  FiBKES  (.gh).  The  tnnsverse  septa  tliiii,  formed  remain  thin,  and  form 
a  striking  contrast  to  the  moi'e  strongly  thickened  lateral  walls. 
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While  the  tracheal  tissues  are  engaged  in  providing  for  the  conduc- 
tion of  water,  the  duty  of  conducting  and  storing  the  products  of 
assimilation,  in  particular,  the  carbobyd rates,  is  performed  by  the 
parenchymatous  tissues  of  the  wood.  Both  forms  of  tissue,  however, 
aid  in  maintaining  the  rigidity  and  elasticity  of  the  plant  body,  and,  in 
their  most  extreme  development,  furnish  such  elements  as  the  fibre 
tracheids  on  the  one  hand,  and  on  the  other  the  empty  wood  fibres, 
which  are  only  capable  of  performing  mechanical  functions. 

The  wood  of  Dicotyledons  is  made  up  of  the  elements  of  these 


luy  my  celli ;  >m,  inedulliry  ny  ivlli  la  the  irood,  conUiiiiDK  aUnb ;  im',  tlie  Hme,  tn  tlia 

two  classes  of  tissue,  the  tracheal  and  the  parenchymatous,  but  ail  the 
ditferent  elements  are  not  necessarily  represented  in  any  one   kind 

of  wood. 

Driings,  &  genus  closely  allied  to  tlie  Magnolias,  is  the  only  Dicotyledon  of 
which  tlie  wood  U  fonnetl  solely  of  trachoida.  This  Dicotyledon  closely  reHBmblcs 
the  Conifers  in  structure.  In  numerous  Lryumiiioaae,  Willows,  Poi>IarH,  and  sl>ecies 
of^Ficui,  on  the  other  hand,  the  traclieal  tissues  are  only  represented  by  vessels, 
which  perform  the  task  of  water-conduction.  In  the  wood  strands  of  these  plaiitn 
there  are  also  present  wood  iwrenchyma  and  a  large  aiiiouut  of  uomt  fibres,  which 
contain  only  air.  lu  Maples,  on  the  contrary,  the  wood  fibres  contain  living  proto- 
plasm and  starch  ;  this  circumstance  renders  the  formation  of  wood  parenchyma 


b,Googlc 


MORPHOLOGY 


129 


in  Maples  to  some  extent  9upvrfluous,  aud  it  is  therefore  sparing!;  developed.  lu 
addition  to  wood  fibres  the  Maple  cliiellj  develops  veaseU,  while  the  rormstion  ol' 
tracheids  ia  restricted  to  the  late  wood,  Tlie  meciianical  elements  of  the  wood  of 
the  Iry  {Hrdcra  Helix)  and  Grajie-Vine  {fitis  vinifera)  are  septate  wood  fibres.  In 
Oaks,  Beeches,  and  iathe  Sosijforae  wood  fibres  are  absent,  and  the  aecessary  rigidity 
is  provided  for  by  fibre  tracheids.  The  wood  of  the  Lime  (Figs.  145-US)  i?  composed 
of  vessels  (Fig.  146,  in),  traclieids  {t),  wood  parenchyma  (ji),  and  wood  fibres  {I). 
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The  veasels  and  tracheids  form  radial  rows,  alternating  nitll  rows  of  wood  fibres. 
In  tbe  early  wood  wide  pitted  vessels  are  ]>ri>duced,  the  formation  of  which  alter- 
warda  ceases,  and  in  tlie  lat«  wood  only  trauheids  are  formed  (Fig.  146,  t).  The 
annual  ringH  are  thus  sbar|>ly  defined  (Fig.  146,  t).  Tlie  new  vessels  of  the  succeeding 
■pring  join  the  tracheids  of  the  previous  year,  and  in  this  way  a  sufficient  connection 
for  tlie  water  transport  is  obtained.  All  transitional  forms  ibitween  vcsewU  and 
tracheids  are  to  be  fomi'l  in  tbe  wood  of  the  Lime.  Besides  bordered  pits,  tertiary 
spiral  thickenings  are  also  developed  in  the  tracheal  elements.  The  wood  fibres 
(Figs.  146,  147,  148,  I)  are  relatively  thin-walled,  with  wide  cavities  and  narrow 
elongated  pits,  and  contain  air.  The  wood  parenchyma  (Figs.  146,  148,  p)  forms 
interrupted  tangential  bauds. 
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Tlie  tracheal  water-courses  in  the  wood  of  Dicotyledons  iire  more 
or  less  completely  isolated  from  each  other.  Their  isolation  is  the  more 
complete  where,  as  in  the  Lfijii minima^.  Willow,  and  Fitrus,  vcsbsIb  are 
the  only  water-carriers.  If  both  trachew  and  traclicids  are  present, 
as  in  the  Lime,  then  tlie  tracheitis  unite  the  tracheee  together  and  the 
conduction  of  water  is  rendered  possible  in  all  directions.  In  any 
case,  a  union  exists  at  the  junction  of  the  annual  rings,  between  tlie 
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tracheal  tissues  of  successive  years.  Large  vessels  are  characteristic  of 
climbing  woody  plants  (Lianes,  Fig.  lol),  but  they  are  accompanied 
by  smaller  ones,  with  which  they  are  in  communication.  When 
both  large  and  small  vessels  are  present  together,  the  smaller  ai)i>ear 
to  act  as  water-carriers,  while  the  larger  are  utilised  as  water-reservoirs. 
Whenever  communication  takes  place  between  tracheal  elements,  and 
it  always  occurs  when  they  are  in  direct  contact,  it  is  effected  by 
means  of  bordered  pits  or  actual  o|)eniugs.     The  distribution  of  the 
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CiysUls  of  calcium  oxalate  may  be  deposited  in  the  thickeDliig  Isjers  of  the 
haat  fibres,  or  in  their  middle  lamella.  The  single  elements  composing  the  sieve- 
tubes  communicate  by  means  of  terminal  sieve-plates.  The  sieve-tnbes  of  Conifers 
have  siso  aieve-pits  on  their  radial  walls,  which  (Fig.  141,  vt)  coiresiiond  JQ 
position  to  the  bordered  pits  of  tracheids.  At  a  certain  distance  from  the  cambium 
the  sieve-pita,  botb  tormioal  and  lateral,  become  overlaid  by  call  us- plates.  During 
the  vegetative  period  following  their  development,  the  sieve-tubes  become  empty 
and  compressed  together  (Fig.  140,  «t>).  Tlie  rows  of  bast  parenchyma  cells  con- 
taining albuminous  substances,  which  are  found  in  some  Conifers,  undergo  dis- 
organisation at  the  same  time  as  the  adjacent  sieve-tubes ;  the  bast  parenchyma 
cells  which  contain  starch,  on  the  other  hand,  continue  living  for  years,  and  even 
increase  iu  siie,  while  the  aiave-tubes  become  disorganised. 

The  elementa  of  the  phloem  tissue  included  in  the  bast  strands  of 
woody  Dicotyledons  are  repreaeiited  by  SIEVE-TUBES  and  COMPANION 
CELli.  To  the  parenchymatous  tissues  of  the  bast  belong  bast  paken- 
CHTMA,  BAST  FIBRES,  and  transitioDal  forms  between  them.  The  bast 
fibres,  like  the  fibres  of  the  wood,  may  occur  in  an  UDthickened  form 
as  FIBROUS  CELLS,  either  with  or  without  living  contents,  or  they  may 
be  filled  with  starch,  and  finally  may  become  septate. 

The  bast  parenchyma  conducts  and  stores  the  carbohydrates,  and 
also  takes  up  the  by-products  of  metabolism,  even  to  a  greater  degree 
than  the  parenchymatous  tissues  of  the  wood.  Just  as  in  the  case  of 
the  Gymnosperms,  the  sieve-tubes  of  Dicotyledons  remain  functional 
but  for  a  short  time,  afterwards  becoming  empty  and  compressed. 
The  compatiion  cells  experience  the  same  fate  as  weir  sister-cells,  the 
sieve-tubes,  while  the  starch  -  containing  bast  parenchyma  remains 
active  for  many  years.  The  different  appearaace  presented  bj'  the 
bast  of  various  woody  Dicotyledons  is  due  to  the  larger  or  smaller 
lumeu  of  the  sieve-tubes,  to  the  presence  or  absence  of  hast  fibres,  and 
also  to  the  manner  of  distribution  of  the  component  elements. 

An  example  of  bast  with  an  especially  regular  arrangement  is  afforded  by  tlie 
Lime  (Fig.  149).  In  a  cross-section,  evt^n  under  a  low  magnifying  power,  an 
alternation  of  shining  white  and  dark  -  coloured  tangential  bands  is  noticrable. 
When  more  highly  magnified,  it  can  be  readily  seen  that  the  white  bands  consist  of 
strongly  thickened  botit  fibres  (Fig.  149,  I).  Adjoining  tham,  there  follow,  towards 
the  periphery,  one  layer  of  bast  parenchyma  cells  (p),  then  a  zone  of  wide  sieve- 
tubes  (c)  and  small  companion  cells  [c) ;  next  to  these  come  two  layers  of  bast 
Jisrenchyma  (y),  abundantly  supplied  with  stareb,  and  followed  by  a  single 
interrupted  layer  of  bast  parenchyma  cells  containing  crystals  {t),  and  finally, 
inotker  band  of  bast  fibres  {I).  The  farther  removed  the  sieve-tubes  and  companion 
cells  ore  from  the  cambium,  the  more  crushed  they  become,  until  ultimately  they 
appear  as  a  compressed  mass  of  coll  walls  without  cell  cavities. 

The  medullary  rays  of  the  Gymnosperms  (Fig.  137,  ma)  and  woody 
Dicotyledons  (Fig,  145,  pn,  sm)  form  radial  bands,  composed  wholly 
or  in  part  of  parenchymatous  elementa.  Their  function  is  to  supply 
the   cambium   and  wood  with  the   products   formed   in   the    leaves 
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and  conveyed  away  by  the  bast.  The  medullary  rays  in  this 
way  link  together  by  radial  bands  of  living  cells  the  protoplasm-con- 
taining elements  of  the  bast  and  wood,  thus  uniting  all  the  separate 
living  tissues  of  the  stem.  The  medullary  rays  are  in  turn  accom- 
panied or,  if  many  -  layered,  traversed  by  intercellular  air-cavities, 
.  which,  beginning  in  the  periphery  of  the  stem,  penetrate  the  cambium 
and  communicate  with  all  the  intercellular  spaces  throughout  the 
living  elements  of  the  wood  and  bast.  Ail  the  living  elements  are 
kept  in  communication  with  the  atmosphere  by  means  of  the  inter- 
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cellular  spaces  of  the  medullary  rays,  and  the  necessary  interchange 
of  gaaes  is  thus  rendered  possible. 

The  substances  contained  in  the  parts  of  the  medullary  rays 
within  the  wood,  chiefly  consisting  of  starch,  tannins,  resin,  and  crystals, 
are  essentially  the  same  as  those  in  the  wood  parenchyma  In  the 
medullary  rays  of  certain  Gymnosperms,  particularly  in  the  Pine, 
single  rows  of  cells;  without  living  contents  and  situated  usually  at 
the  margin  of  the  medullary  bands,  become  tracheidal  in  structure 
(Fig.  141,  tm),  and  united  with  one  another  and  with  the  tracheida  by 
means  of  bordered  pits.  Their  purpose  is  to  facilitate  the  transfer  of 
water  radially  between  the  tracheids.  In  other  Conifers,  where  such 
tracheidal  elements  are  not  found  in  the  medullary  rays,  bordered 
pits  are  developed  in  the  tangential  walls  of  the  tracheids  of  the  late 
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wood,  and  by  means  of  them  is  effected  the  transfer  of  water  in  a  radial 
direction.  The  living  cells  of  the  medullary  rays  of  the  wood  bear  the 
same  relation  to  the  water-carriera  as  does  the  wood  parenchyma,  and 
like  them  are  connected  with  the  wat«r-condiicting  elements  bj-  means 
of  bordered  pita.  They  take  up  water  from  them  and  give  it  out 
again,  as  it  may  be  needed,  to  other  living  cells  ;  on  the  other  hand,  in 
the  spring,  at  the  beginning  of  the  season  of  growth,  they  press  into 
the  water-couraes  the  products  of  assimilation,  in  particular  glucose  and 
small  quantities  of  albuminates,  in  order  that  these  substances  may  be 
transferred  in  the  quickest  way  to  the  points  of  consumption. 
Accordingly,  during  the  winter  and  in  the  beginning  of  spring,  sugar 
and  albumen  may  be  detected  in  the  tracheal  elements,  and  may  then 
be  obtained  from  the  watery  sap  of  "bleeding"  trees,  or  from  artificial 
borings  or  incisions,  particularly  in  such  trees  as  the  Maple,  Birch,  and 
Hornbeam.  In  the  wood  of  Dicotyledons  it  is  usually  only  special 
rows  of  the  medullary  ray  cells  which  stand  in  such  close  relation 
with  the  tracheal  tissues.  In  these  special  rows,  generally  on  the 
margins  of  the  medullary  rays,  the  cells  are  elongated  vertically,  and 
on  that  account  have  been  distinguished  as  VERTICAL  MKDULLARy  BAY 
CRLLS.  The  other  cells,  or  those  of  the  middle  layers  of  the  medullary 
bands,  on  the  other  hand,  are  called  horizontal  medullary  ray 
CELLS ;  they  are  tiarrower  and  more  elongated  radially.  These  have, 
moreover,  no  especial  connection  with  the  tracheal  elements,  but  are 
designed  for  condiicting  and  storing  assimilated  matter.  In  the  medul- 
lary rays  of  the  Lirae  (Fig.  147),  although  this  specialisation  qf  the  cells 
is  not  so  evident  as  in  many  other  cases,  the  mai^inal  cells  of  the  medul- 
lary rays  are,  nevertheless,  particularly  noticeable,  as  they  alone  have 
bordered  pits  on  the  aides  toward  the  vessels  (g),  and  are  also  wider  , 
than  the  other  cells  of  the  inner  rows. 

Within  the  bast  zone  the  medullary  rays  are  also  distinguished  as 
CORTICAL  BAYS,  and  in  the  bast  of  Dicotyledons  they  have  a  simpler 
structure  than  in  the  wood.  It  is  evident,  not  only  from  the  con- 
nection existing  between  the  cells  of  the  medullary  rays  and  the  bast 
pu'enchyma,  but  also  from  the  relations  exhibited  in  Dicotyledons 
between  the  medullary  ray  cells  and  the  companion  cells  of  the 
sieve-tubes,  that  the  function  of  the  cortical  rays  is  to  take  up  the 
Eubstances  passing  down  the  bast  strands.  For  not  only  is  the  bast 
parenchyma  in  communication  with  the  ceils  of  the  meilultary  rays  by 
means  of  bordered  pits,  but  the  companion  cells  are  so  disposed  on  the 
sides  of  the  sieve-tubes  as  more  surely  to  come  in  contact  with  the 
medullary  rays. 

In  the  Pine  and  other  Abiftiaear.,  whcwe  bast  iiarencliyma  is  devoLd  of  cells 
fgoctioninf;  as  coiidiii!tors  of  nlbuminaua  matter,  their  place  is  taken  in  ttils  resprat 
by  rows  of  niBiiullary  ray  cells  {Fig.  141,  cm).  These  maintain  an  intimate 
toDnectioQ  with  the  sieve-tnbes  by  means  of  nieve-]iita.  They  lose  their  contimts 
in  the  samr  manner  as  the  sieve-tilW'x,  and,  Hku  them,  heeomc  comprekseil  and 
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diaorgsniaed.  On  the  otlier  Land,  the  cells  of  the  fortieal  rays,  wliicli  contain 
starcli,  like  the  similar  cella  of  the  bast  parenchyina,  increase  in  size,  and  pushing 
betH'GCQ  the  compressed  sieve-tubes,  continue  living  for  years. 

The  division  of  labour  nithin  the  medullary  rayn  of  the  Oymuospenna  and 
Dicotyledons  is  so  well  carried  out,  tliat  only  the  rows  ot  elongated,  conducting 
cells  are  accompanied  by  intercellular  air-spaces.  When  the  walls  of  such  cells  are 
mucli  thickened,  they  are  pierced  with  pits  which  open  into  the  intercellular  >ir- 
|)assages,  and  so  facilitate  the  interchange  of  gases. 

The  width  and  height  of  the  medullary  rays  may  be  more  easily  determined 
from  tangential  than  from  radial  sections. 
In  such  tangential  sections  the  medullary 
rays  appear  npindle -shaped  (Figs.  141, 
US).  With  few  exceptioQs,  aa  in  the 
Oak  and  Beech,  the  medullary  rays  are 
rarely  of  more  than  limited  dimensions. 
The  Oak,  iu  addition  to  numerous  small 
medullary  rays,  has  other  larger  rays 
which  may  be  as  much  as  a  millimetre 
broad  and  a  decimetre  bigh.  In  the 
Poplar,  Willow,  and  Box  the  medulUiy 
rays  are  so  extremely  small  that  they  arc 
scarcely  visible,  even  with  tlie  aid  of  a 
magnifying-glass.  The  height  of  the 
broad  primary  rays  o(  many  Lianea,  on  the 
other  hand,  may  be  equal  to  that  of  a  whole 
internode.  In  certain  Conifers,  rosin-ducts 
occur  not  only  in  the  wood,  but  also  iu  the 
bj'oader  medullary  rays.  These  radial 
resin-ducts  are  in  communication  with 
the  vertical  ducts.  It  is  ilue  to  this  faet 
that  such  a  large  amount  of  resin  exudes 
from  wounds  in  Pine  or  Fir  trees. 
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The  ROOTS  of  Gymnospenns  and 
DicotyledoHB,   in  whicli    the    stems 

,  inci-ease  in  thickness,  also   show  a 

>  similar    growth     in     thickness. 

'  Whenever  secondary  growth  begins 
in    a    root    with    its    xylem    and 

•  phloem     strands    alternating    with 

aty  l««t  ;»■,  periderm.  ^^^.j^  other  (FigS,  1  20,  12G),  aTCaS  oi 

cambium  arise  on  the  inside  of  the  phloem  strands,  through  the 
division  of  the  fundamental  tissue ;  these  give  off  wood  elements 
towards  the  centre  of  the  root,  and  bast  towards  the  periphery.  These 
cambium  areas  soon  meet  in  the  pericycle,  just  in  front  of  the  xylem 
strands,  and  so  form  a  complete  zone  of  meristematic  tissue.  In  Fig. 
150,-^,  this  process  is  diagrammatically  represented.  As  a  result  of  the 
activity  of  its  cells  the  cambium  ring  soon  loses  its  sinuous  form,  and 
becomes  a  simple  ring.     In  front  of  the  primary  vascular  strands  (ji'), 
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the  cambium  produces  medullary  ray  tissue,  and  this  constitutes 
the  broadest  medullary  rays  which  lead  to  the  strands  of  primary 
xylem  (Fig.  1 50,  B).  A  cross-section  of  such  a  root,  in  which  the 
secondary  growth  has  continued  for  some  years,  can  scarcely  be 
distinguished  from  a  cross-section  of  a  stem.  By  careful  examination, 
however,  the  presence  of  primary  tissue  in  the  centre  of  the  root  can 
be  discovered,  and  its  nature  thus  determined.  The  wood  of  the  root 
is  also  more  porous  than  in  the  stem,  aud  bears  a  close  resemblance  to 
early  wood.  On  account  of  this  lack  of  differentiation  in  the  wood,  the 
annual  rings  of  growth  are  less  distinctly  defined  in  roots  than  in  stems. 

AsonuUooB  fmns  of  Qrowth  In  TbicktuMS. — Extraordinary  devistioDB  from  the 
usual  type, of  secondary  growth  are  afforded  by  aome  stems  and  roots  ol'  (iymno- 
BpemiH   and    Dicotyledons.      Among  tJie   GymnoBiwrms   in   the   Cycadaeene  and 


certain  species  of  Onctuw,  in  tlie  Chenopodiaixac,  Araarantaceat,  Kyetagiaacea'-, 
PhytoUuxaceae,  and  other  families  of  Dicotyledons,  the  cambium  which  has  been 
formed  in  the  ordinary  manner  soon  loses  its  function,  and  a  new  cambium  ring  is 
developed  external  to  the  bast  zone,  for  the  most  part  in  the  pericycle,  or  in  a 
tittsne  derived  from  iL  This  oambiuni  ring  forms  uood  on  tlie  inside  and  bast  on 
the  outsido,  with  the  accompanying  medullary  rays.  It  then  ceases  to  divide,  and 
a  new  ring  takes  its  place.  This  process  re|ioats  itself,  and  ultimately  leads  to  the 
fonnation  of  concentric  wood  and  bast  rings,  which,  in  cross-sections  of  the  sugai- 
beet,  may  be  distinguished  with  the  naked  eye.  These  concentric  zones  may  be 
still  more  plainly  seen  in  a  cross-section  of  Muaiiut  altissiina  (Fig.  151),  a  Liane 
belonging  to  the  order  Fapilionaeeae.  The  stem  shows  in  thi.n  ca-ie  an  inner  axis 
of  wood  (1)  surrounded  by  a  zone  Of  bast  (1*) ;  nest  follows  a  cylinder  of  wood  (2) 
and  bast  (2*),  and  finally  a  third  (3,  a*)  in  process  of  formation  iu  the  midst  of 
the  pericycle.  An  extraordiuary  apjiearance  is  exhibited  by  cross -sections  of  stems, 
which  show  several  separate  wood  cylinders  (Fig.  162).  Such  a  structure  is 
peculiar  to  various  tropical  Lisnes  of  the  genera  Sirjaiiiti  and  Fanllinia  belonging 
to  Che  family  Sa-pittdaecat.     This  anomalous  condition  arises   from  the   nmisual 
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]>ositioD  of  tlie  primary  vaxciilitr  liuudleH,  whicli  arc  not  nrraiiged  in  a  circli>  liut 
form  u  deeply  lobed  ring  ;  ao  that,  by  the  (1evrlopni«utof  int^rlkseicular  canibiuiu, 
tlie  canibium  of  each  lobe  ia  united  into  a  Befiariite  cambium  ring.  Eaeli  of  thtnc 
ringH,  indejieDileutly  of  tlie  utlicro,  then  gifes  riHt^  to  wood  aud  bast  (Fig.  1f>2]. 
An  even  mol'e  lieciiliar  structure  is  rxhibitetl  by  niauy  Lianes  of  the  Bigvoaineraf, 
tlie  wood  of  wliicli  is  ckft  by  radially  (irojccting  raasfeH  nrbast  (Fig.  1&3).  The 
Jiriniary  ntcni  of  the  Bigniinincnf  shows  the  ordinary  circular  arrangement  of  the 
vascular  bundlea.  Wooil  and  bast  are  at  tirat  produced  from  the  cambium  ring  in  the 
usiml  manner,  and  fonii  an  inner,  normal  wood  cylinder  of  axiai.  wodd.  Such 
normally  formed  axial  wood  cylinders  ore  common  to  many,  otiicrwiae  abnormally 
develojied  LianeB.  The  cambiam  ring  of  the  Siyitonintrae,  afler  performing  for  a 
time  its  normal  fnnctions,  begins,  at  certain  ]ioints,  to  give  off  internally  only  a 
very  small  quantity  of  wood,  and  externally  a  oorres[iondingly  large  atiiount  "f 
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baat.  As  a  result  of  this,  deep  wedges  of  irregularly  widening  liast  project  into  the 
outer  so-called  I'EaiAXiAL  wuod  (Fig.  153).  The  originally  complete  cambium 
becomes  thereby  broken  into  longitudinal  bands,  which  ore  broader  in  front  of  the 
projecting  wood  than  at  the  apices  of  the  baet  wedges.  As  the  jieriaxial  wood 
is  always  develoj)ed  from  tlio  inside,  and  the  wedges  of  bast  from  tlie  outside  of 
their  respective  cambium  bands,  tliey  e.vtend  past  each  other  without  forming  any 
lateral  connection. 

Secondary  Growth  of  Monocotyledons. — As  w»  have  already 
seen,  Palnis  grow  in  thickness  only  as  the  result  of  the  increase 
in  size  of  the  individual  tissue  elements.  There  are,  however,  certain 
monocotyledonons  plant  families  and  genera,  especially  Dracnena,  Vitcra, 
Jloe,  and  the  Dioscmeiiceae,  in  the  steins  and  roots  of  which  a  cambium 
ring  is  developed.  As  in  such  cases,  the  cambium  ring  generally  arises 
in  the  pericycle,  outside  the  scattered  vascular  bundles  and  from  the 
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fandamental  tissue,  it  is  a  secondary  meristera ;  it  does  not,  as  in 
Dicotyledons  and  Gymnosperms,  produce  continuously  wood  and  bast 
in  opposite  directions,  but,  instead,  closed  vascular  bundle  strnnds  and 
fundamental  tissue  (Fig.  154). 

Tli«  ceWa  arising  from  the  divi^ioj 
cDtirely  towards  tlic  centre  of  tlie  ste 
If  niDBUs  of  variously  diitjiosed 
longitudinal  walls,  and  [iroduce 
nevf  vuiicular  bundles  </"),  or,  by 
ronniag  tangential  and  tranaverse 
vtalle  only,  they  give  rifle  to  the 
ndially  arranged  cells  of  the  funda- 
mental tisaue,  which  fiUs  the  apace 
betK'cen  the  vascular  bnodlea.  , 
Tht«e  secondarily  developed  bun- 
dles, like  the  primary  bnudlen,  are 
closed,  that  is,  they  do  not  iiosKess 
nanihimn,  but  have  nevertheless 
»  »omew!ittt  dllferent  atrnotnre. 
Tlieir  xylem  portiona  consist  solely 
oftracheida  provided  with  bordered 
Jiita,  and  completely  enclose  the 
Ihin-walled  and  sparingly  deve- 
loped phloem.  Towards  the  jieri- 
phery  of  the  stem  the  cambinni 
ring  producer  only  a  small  amount 
of  parenchymatona  Uasue,  thecella 
«r  shich  sometimes  contain  bun- 
dl«  of  raphides  (r).  A  atem  of 
a  DraauiM  having  this  form  of 
secondary  growth  may  attaiu  a 
considerable  thickness. 

Periderm.  —  It  is  very 
Bcidom  that  the  epidermis, 
by  the  division  of  its  own 
cells,  is  in  a  condition  to  kee|) 
pace  for  any  length  of  time 
with  the  increasing  dimen- 
sions of  the  stem.  This,  ^' 
however,  is  the  case  with  the 
Mistletoe  (Visaim  allmm),  the 
number  of   whose   epidermal 

cells  is  continually  augmented         portiun  Mng  ■irimarj',  tlm  itin.^r  Hi>candary  corUi ; 

by  the  formation  of  new  lateral  ''*•  ''"'^  muiiWu.ii  ; ;,  cork ;  r.  i..iii<!io-  of  ™i)hi(i«n. 
wails,  while  the  outer  walls      '^  ^"'^ 

are  at  the  same  time  strengthened  by  inward  thickenings  to  supply 
the  place    of    the   older,    ruptured,   thickenini;    layers.      The    stems 
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also  of  one ''  of  the  Maples  (Acer  strialum),  even  when  a  foot 
or  more  thick  and  over  forty  years  old,  remain  covered  with  a 
living,  growing,  epidermal  layer.  As  a  rule,  however,  the  epider- 
mia  on  stems  which  grow  in  thickness  becomes  stretched  and  finally 
ruptured.  The  tiBSUC  of  the  primary  cortex,  by  the  expansion  and 
division  of  its  cells,  can  accommodate  itself  more  easily  than  the 
epidermis  to  the' increased  dimensions  of  the  stem,  arising  from  the 
growth  in  thickness  of  the  central  cylinder.  This  process  of  cortical 
growth  is  particularly  noticeable  in  the  primary  medullary  rays 
(Fig.  1 45,  prn')  between  the  primary  phloem.  The  formation  of  the 
PERIDERM  generally  begins  during  the  first  vegetative  period,  after  the 
secondary  growth  has  reached  a  certain  stage.  The  commencement  of 
its  formation  is  indicated  by  the  brown  colour  of  the  external  surface 
of  the  stem,  which,  however,  remains  green  so  long  as  the  epidermis 
continues  alive.  The  periderm  is  derived  from  a  secondary  meristem, 
termed  the  cuRK  CAMBIUM  or  PUELLOGKN.  This  phellogen  may  arise,  in 
the  epidermis,  in  a  deeper  layer  of  cells  of  the  primary  cortex,  or  even 
in  the  pericycle  itself.  The  cells  of  the  phellogen  divide  by  tangential 
walls,  and  also,  at  times,  by  radial  walls,  in  order  to  accommodate 
themselves  to  the  increasing  thickness  of  the  stems.  Of  the  new  cells 
thus  formed,  those  given  off  towards  the  periphery  of  the  stem  are  the 
CJORK  CELLS  (Fig.  154,  I).  They  usually  have  a  tabular  shape,  fit 
closely  together  without  intercellular  spaces,  and  possess  suberised, 
secondary,  thickening  layers.  The  cork  cells  are,  for  the  most  part, 
filled  with  air,  containing  also  a  yellow  or  brown  substance,  and  usually 
possess  brown  walls.  The  cell  walls  may  be  thin  or  thick,  frequently 
thickened  on  one  side,  and  occasionally  to  such  an  extent  that  they 
are  known  as  stone  cork.  The  cork  tissue  frequently  shows  an 
alternation  of  thick-walled  and  narrow  with  thin-walled  and  lai^er 
cells.  These  layers  mark  annual  growths.  The  cork  cells,  being 
impermeable  to  water,  prevent  the  loss  of  moisture  by  transpiration, 
while  at  the  same  time  they  shield  and  protect  the  inner  tissues.  An 
example,  showing  how  effectively  cork  cells  retard  transpiration,  is 
afforded  by  a  potato,  which,  when  peeled  and  so  deprived  of  its 
protecting  cork  covering,  loses  in  twenty-four  hours,  according  to  Eder, 
about  sixty-four  times  as  much  water  as  it  would  otherwise  have 
done. 

The  cork  of  the  Cotk'oak  (Qaerctu  Suier)  U  formed  of  liroad  Uyers  of  soft 
large  cells,  alternatiog  vrith  narrow  and  thinoer  layers  ol  cells,  which  mark  the 
limit  of  the  annual  growth.  This  may  be  seen  in  bottlp-corks.  The  lirat, 
spoutancuusly  develo|)ed  cork  of  the  Cork-oak  ih  stripped  otT,  wliereupon  a  new 
pbellogcn  is  formed  in  the  deeper-lying  tissue.  The  cork  thus  produced  is 
removed  every  six  or  eight  years,  and  furuiahea  tlio  cotk  of  economic  value. 

In  many  cases  the  phellogen  takes  ita  origin  in  the  epidermis  (Fig.  !55). 
TbiH  is  the  case  in  the  Willow,  in  all  Pomaeeae,  and  in  a  great  number  of  other 
woody  plants.     The  epidermal  cells  become  divided  into  outer  and  inner  cells,  the 
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Istter  of  which  assume  the  fnnction  of  a  iihellogan.  More  frequently  the  phello- 
gen  develops  from  the  layer  of  cells  next  adjoining  the  epidermis,  as,  for  example, 
ill  the  Elder  {SamiriKits  nigra),  wlicre  it  takes  its  origin  from  the  outennost  layer 
of  coilonchyma  (Fig.  156,  ph). 

At  the  same  time  tliat  the  cork  is  forming  from  the  outer  side  of  the 
pbellogen,  a  so-called  CORK  CORTEX  or  PHELLODERM  is  also  frequently 
developed  from  its  inner  aide.  The  cells  of  the 
pheiloderm  retain  their  living  protoplasm,  and 
usually  contain  chloroplasts.  They  ultimately  be- 
come rounded  ofT,  so  that  intercellular  spaces  are 
formed  between  them.  The  term  periderm  in- 
cludes both  cork  and  pheiloderm.  All  secondary 
tissues  given  olT  by  the  cambium  ring  towards  the 
periphery,  together  with  all  the  secondary  tissues 
formed  by  the  phellogen  from  both  its  inner  and 
outer  sides,  are  designated  collectively  SECONDARY 

CORTEX. 

All  tis8U.es  external  to  the  phellogen  are  cut 
off  from  food  supplies,  and  consequently  die. 
When  the  first  cork  layer  has  its  origin  deeji  Fro,  iss.— TrennvpnwBot 
within  the  stem,  a  BARK  is  formed  through  the  tion  of  the  peripheral 
ensuing  death  of  the  excluded  peripheral  tissues.  oid't™ig"of";™uT™i- 
If  the  cork  layer  formed  by  the  phellogen  be  muniinLUif  bi-gimiing 
thin,  the  stem  has  a  smooth  surface,  as  in  the  "^  .'J'*  '"'■"•»"""  °' 
Beech ;  if  it  produces  thicker  cork  layers,  the  i„J^li!^™'x  aoo.) 
surface  of  the  stem  appears  rough  and  full  of 
fissures,  as  is  the  case  in  the  Cork-oak,  The '  primary  phellogen 
generally  ceases  its  activity  after  a  short  time,  and  another  deeper- 
lying  phellogen  is  formed.  After  a  time  tiiis  new  phellogen  dis- 
coDtinues  its  functions,  and  another  (Fig.  157)  is  developed,  as 
in  the  case  of  Qu&-cus  sesdlifora,  until  ultimately  the  phellogen 
comes  to  be  formed  in  secondary  bast  parenchyma  instead  of  in  the 
primary  tissue.  That  portion  of  the  bast  cut  olT  by  the  periderm  loses 
its  nutritive  contents  and  only  retains  waste  products.  If  the  layers 
of  the  secondary  periderm  constitute  only  arcs  of  the  stem  circum- 
ference, the  bark  will  be  thrown  off  in  scales,  as  in  the  scaly  bark  of 
the  Pine  and  Plane  tree ;  if,  on  the  contrary,  the  periderm  layers  form 
complete  concentric  rings,  then  hollow  cylinders  of  the  cortical  tissues 
are  transformed  into  the  so-called  RiNtiRD  Bakk,  such  as  is  found  in 
the  Grape-vine,  Clematis,  and  Honeysuckle,  Bark  which  is  not  easily 
detached  becomes  cracked  by  the  continued  growth  in  thickness  of 
the  stem,  and  has  then  the  furrowed  appearance  so  characteristic  of  the 
majority  of  old  tree-trunks.  The  usual  brown  or  i-ed  colour  of  bark, 
just  as  in  similarly  coloured  heart-wood,  is  occasioned  by  the  presence 
of  tannins,  to  the  preservative  qualities  of  which  is  due  the  great 
.  resistance  of  bark  to  the  action  of  destructive  agencies.     The  peculiar 
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white  colour  of  Birch-bark  is  caused  by  the  presence  of  betulin  (birch- 
resin)  in  the  cells. 

In  roots  which  grow  in  thickness  the  phellogen  usually  dei'elops 

'  in  the  pericycle  (Fig.  150,  H,  h),  and  in  consequence  of  this  the  primary 

cortex  of  the  roots  dies  and  (jeela  off.      The  succeeding  phellogen 

layei's  are  formed  in  exactly  the  same  way  in  the  root  as  in  the  stem. 

In  most  woody  plants,  particularly  in  Dicotyledons,  cortical  pores, 
or  LKNTICELS  (Fig.  156),  make  their  appearance  simultaneously  with  the 
formation  of  periderm.  The  lenticels  take  their  origin  in  a  phellogen 
layer  (j)[)  which,  in  the  case  of  peripheral  cork  formation,  almost 
always  develops  directly  under  the  stomata.  The  phellogen,  from 
which  the  lenticels  arise,  unlike  the  cork  phellogen,  does  not  form 
cork  cells,  but  a  lenticel  tissue  composed  of  COMPLEMEKTARY  CELLS  (I) 


traversed  by  iutercellulai'  spaces.  On  the  inside,  however,  a  phello- 
derm  is  regidarly  derived  from  the  phellogen.  The  complementary 
cells  press  the  epidermis  outwards  and  finally  rupture  it.  Where  the 
complementary  cells  are  only  loosely  united,  the  intermediate  bands 
or  closing  layers  are  developed  frona  the  phellogen  alternately  with 
denser  layers  of  cells,  which,  as  in  the  case  of  the  epidermis,  become 
eventually  ruptured.  Tlie  cork-forming  phellogen  joins  the  phellogen 
of  the  lenticels  at  its  margins.  In  cases  where  the  cork  is  more 
deeply  seated  in  the  inner  tissue,  the  lenticels  begin  their  develop- 
ment at  a  corresponding  depth.  The  lenticels  are  so  constructed, 
in  Primus  imum  and  Bdulii,  that  they  can  accommodate  them- 
selves to  growth -in-thickness  ;  in  Quernis  Suber,  Fixmnvs  Omus,  they 
are  not  in  a  condition  to  do  so ;  while  in  Ilhamnus  Fningtihi  and  Pirus 
Mtdm  each  lenticel  gives  rise  to  a  group  of  lenticels.     The  develop- 
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ment  of  a  seconiiary  periderm  is  accompanied  i>y  the  formation  of  new 
lenticels.  By  means  of  the  lenticels  the  intercellular  spaces  of  the 
inner  tissues  are  kept  in  com- 
munication with  the  outer  atmo- 
»)phere.  The  air  enters  the 
intercellular  spaces  of  the 
medullary  rays  through  the 
lenticels,  and  is  thence  dis- 
tributed throughout  the  living 
tissues  of  the  whole  plant.  In 
stems  in  which  the  periderm 
is  free  from  lenticels,  provision 
.  is  made  for  securing  the  free 
passage  of  gSses  through  open- 
ings left  by  the  overlapping 
margins  of  the  periderm  layers. 
The  Falling  of  Leaves.— 
Preparatory  to  the  falling  of 
leaves  an  absciss  layer  is  formed, 
by  means  of  which  the  separa- 
tion of  the  leaves  from  the 
stem  is  effected.  This  layer 
arises  through  the  division  of 
all  the  living  cells  in  the  plane 
of  separation,  including  even 
those  of  the  vascular  bundles. 
At  a  later  stage,  a  layer  of  cells 
ia  the  middle  of  the  absciss 
layer  becomes  absorbed,  and 
the  separation  of  the  tissues  of 
leaf  and  stent  is  completed  by 
thp     rupture     of    the    tracheal   * '' t; Ji^^'^t^.'j'tte"  ot  g"|°^  ^„"/4o™"'^r 

elements  and  sieve-tubes.  The  .Succssively  fonn«i  Isypm  or'cork  ;  pr,  prlmiiy 
absciss  layer  is  usually  formed  eorlex,  inwlined  by  Bubsequmt  sroivtli:  III. 
iiial-    hpfnrp    tlip    Icavps    fall     nl  tenially  to  p.,  peritycle;  sc,  aclerenchyiuBluus 

just  neiore   Loe   leaves  laii,  ai-       ^^^^^^  ^^^^  ^i^^  mptureu  riiiK  of  Hci.reud.j- 

though  frequently  much  earlier.       imioua  abng  of  Uie  perieyi-i« :  •,  Bubseqiipniiy 

The   wound   left    on    the   stem       formal  »iLroia»: 

either  simply  dries  up,  as  is  the      ^','^.  'i:''^||,  ,,n 

case  in  the  Ferns,  or  it  is  closed       iiic  ii-«">^  estcmai 

by   a  layer   of    cork,  whicii    is       ''J^ Zl ^T^7T'''""' '""  '"'""'"  '"""' 

formed   just  below  the  surface 

and  joins  the  periderm  of  the  stem.     This  cork  layer  may  be  foimed 

before  the  fall  of  the  leaves,  but  in  that  case  it  does  not  extend  through 

the  living  elements   of   the   vascular  bundle,   and   does    not  become 

complete  until  after  the  leaves  have  fallen.     The  ends  of  the  tracheal 

elements  at  the  leaf-scars  become  filled  with  a  protecting  gum,  and  in 
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addition,  they,  as  well  as  the  ends  of  the  sieve-tubes,  become  com- 
pressed and  finally  cut  otf  by  tbe  developing  cork. 

Wounds. — In  the  simplest  cases  the  exposed  tissues  of  wounded 
surfaces  become  dry  tlirougli  loss  of  moisture,  and  dying  in  consequence, 
form  over  the  deeper-lying  tissues  a  protective  covering  of  dry,  browD 
cells.  This  method  of  protecting  wounded  surfaces,  although  very 
genera,!  in  Cryptogams,  rarely  obtains  in  Phanerogams,  but  instead 
the  wounds  become  closed  by  the  formation  of  corlf.  Cork  formed 
over  wounded  surfaces  is  called  wound  core.  It  is  derived  from 
a  cork  cambium  that  develops  in  the  tissue  under  the  wounds,  and 
with  its  development  the  process  of  healing,  in  succulent  and  paren- 
chymiitous  portions  of  plants,  is  conipleted.  In  woody  plants  a  so-called 
CALLUS  is  formed  by  the  active  growth  of  the  living  cells  bordering  on 
the  wound.  These  abnormal  swollen  growths  close  together  over  the 
wound,  and  by  the  suberisation  of  their  cell  walls  provide  a  sufficient 
protection.  Gentrally,  however,  a  cork-forming  phellogen  arises  in  the 
periphery  of  the  callus.  In  stems  of  Gymnosperms  and  Dicotyledons, 
wounds  which  extend  into  the  wood  become  surrounded  and  finally 
overcapped  by  an  outgrowth  of  tissue  arising  from  the  exposed 
cambium.  While  the  callus  tissue  is  still  in  process  of  gradually 
overgrowing  the  wounded  surface,  an  outer  protective  covering  of  cork 
is  developed  ;  at  the  ^me  time  a  new  cambium  is  formed  within  the 
callus,  through  the  differentiation  of  an  inner  layer  of  cells,  continuous 
with  the  cambium  of  the  stem.  When  the  margins  of  the  over- 
growing callus  tissue  ultimately  meet  and  close  together  over  the 
wound,  the  edges  of  its  cambium  unite  and  form  a  complete  cambial 
layer,  continuing  the  cambium  of  the  stem  over  the  surface  of  the 
wound.  The  wood  formed  by  this  new  cambium  never  coalesces 
with  the  old  wood.  Accordingly,  marks  cut  deep  enough  to  pene- 
trate the  wood  are  merely  covered  over  by  tha  new  wood,  and  may 
afterwards  be  found  within  the  stem.  In  like  manner,  the  ends  of 
severed  branches  may  in  time  become  sO  completely  overgrown  as  to 
be  concealed  from  view.  As  the  wood  produced  over  wounds  differs 
in  structure  from  normal  wood,  it  has  been  distinguished  as  callus 
WOOD.  It  consists  at  fii-st  of  almost  isodi  a  metrical  cells,  which  are, 
however,  eventually  followed  by  more  elongated  cell  forms. 

The  FOFinatlOD  of  Burrs. — The  curled  or  extraordinarily  knotted 
appearance  of  wood,  such  as  the  bird's-eye  or  curled  maple,  which  adds 
so  much  to  its  t«chnical  value,  is  due  to  the  unusually  sinuous  course 
taken  by  the  elements  of  the  wood.  This  variation  from  their  usual 
direction  is  caused  by  the  development  of  numerous  adventitious 
buds,  which  turn  the  vascular  bimdlt-s  out  of  their  accustomed  course ;  ' 
tbe  direction  of  tlie  wood  elements  is  moreover  often  affected  by  the 
medullary  rays,  which  sometimes  become  so  abnormally  swollen  that 
they  appear  almost  circular  in  tangential  sections. 
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The  Phylognny  of  the  Internal  Structure 

The  phylogenetic  differentiation  in  the  internal  structure  of  a  plant 
does  not  altogether  coincide  with  the  progress  of  its  external  segmenta- 
tion. Even  unicellular  plants  in  the  group  of  Siphoneous  Algae 
may  exhibit  a  high  degree  of  external  differentiation ;  thus  the  uni- 
cellular Alga,  Caulerpa  (Fig.  250),  has  developed  appendages  having 
oatwardly  the  form  of  leaf,  stem,  and  root.  Similarly,  the  red  sea- 
weed, Hydrolapathum  (Fig.  "i),  although  composed  almost  wholly  of  one 
form  of  cells,  bean  in  its  external  segmentation  a  striking  resemblance 
to  one  of  the  most  highly  organised  plants.  The  internal  differentia- 
tion of  this  Alga  has  only  advanced  so  far,  that  the  outer  celb  contain- 
ing the  red  chloroplasts  form  an  assimilating  tissue  of  isodiametrical 
cells,  vhile  the  internal  colourless  and  more  elongated  cells  function  as 
a  conducting  tissue.  The  relatively  highest  degree  of  internal  develop- 
ment found  in  the  Algae  is  attained  by  the  Laminariae.  In  their 
stem-like  axis,  which  may  have  a  considerable  thickness,  the  external 
tissaes  frequently  contain  canals  filled  with  mucilaginous  matter; 
while  internally  are  found  rows  of  cells  resembling  sieve-tubes.  The 
axes  themselves  grow  in  thickness  through  the  continuous  division  of 
the  cells  of  an  outer  cell  layer.  A  kind  of  cortical  tissue  is  formed  as 
a  result  of  this  growth  which  exhibits  concentric  layers,  and  of  which 
the  innermost  cells  gradually  elongate  and  pass  over  into  the  so- 
called  medulla.  In  the  Fimgi  internal  differentiation  is  the  result  of  the 
more  or  less  intimate  union  of  the  intertwining  byphte.  In  extreme 
cases  the  hyphie  forming  the  body  of  the  Fungus  may  be  so  closely 
woven  together  as  to  give,  in  a  cross-section,  the  impression  of  a 
parenchymatous  tissue  (Figs.  95-98),  in  which,  by  the  subsequent 
thickening  of  the  cell  walls,  the  pits  in  adjoining  hyphse  are  brought 
into  contact.  In  the  fructifications  of  many  of  the  HymmomyctUs  and 
GasleromyceUg,  some  of  the  longer  and  more  swollen  hyphse  contain  a 
clondy,  highly  refractive,  and,  in  some  instances,  coloured  substance,  and 
appear,  acconiingly,  to  serve  as  a  special  tissue  for  the  purpose  of 
conduction.  A  marked  advance  in  the  differentiation  into  different 
tissue  systems  is  first  apparent  in  the  Bryophytes,  and  even  in  them 
the  formation  of  an  epidermis  distinct  from  the  fundamental  tissue  is 
exceptional.  In  the  thallus  of  the  Marc/mtiiieae  of  the  Hepaticae,  and 
at  the  base  of  the  spore  capsules  of  the  Bryiiteae,  among  the  Mosses, 
the  external  layer  of  cells  becomes  more  or  less  sharply  defined  from 
the  nnderlying  tissues.  In  the  MuTchardieae  (Fig.  158)  this  outer  layer 
is  pierced  by  openings  which  have  been  termed  breathing-pores,  but  these 
have  a  different  origin  from  the  stomata  of  higher  plants.  They  are 
rather,  as  LeitgeB  has  shown,  openings  into  cavities,  which  have  arisen 
through  the  overarching  of  certain  portions  of  the  surface  by  other 
more  rapidly  growing  portions.     In  the  Bryimae,  on  the  other  hand, 
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stomata  Biniilar  in  structure  to  those  of  the  Pteridophytes  and  Phanero- 
■  gams  are  found  in  the  outer  cell  layer  at  the  base  of  the  spore  capsules. 
It  would  seem,  however,  that  these  stomata  of  the  Biijinfne  are  prob- 
ably not  homologous  with  those  of  higher  plants  ;  as  there  is  no  direct 
phylogeiietic  connection  between  them,  and  it  is  more  reasonable  to 
regard  them  as  merely  analogous  formations,  such  as  so  oft«n  occur 
in  the  evolution  of  organs.  The  Marchantieae  also  possess  mucilage 
passages,  which  arise  through  the  mucilaginous  degeneration  of  single 
cells  or  cell  rows.  Certain  of  the  Marchanlieae  have  also  strands  of 
greatly  elongated,  dark-walled  cells.  In  all  Hrpittieae  there  may  be 
found  in  special  cells  characteristic  oil  bodies  of  an  irregular,  clustered 
shape.  It  is  also  worthy  of  note  that,  although  the  difierentiatlon 
of  the  vnternal  tissues  has  progressed  further  in  the  Marchanlieae  than 
in  any  other  of  the  Hejxilk-ue,  in  their  external  segmentation  they 


no.  ISS.— Surfac*  aiict  IraiiHVe™.'  view  of  Ihe  UiBllin  of  J/.w*n»li<i  ixilymtrpl-a.    In  A,  v,  nir- 

,  are  surpassed  by  many  others  of  the  same  group :  so  that  here  also 
internal  and  external  differentiation  do  not  keep  pace  vrith  one  another. 
Among  the  Musd  the  Bog-Mosses  {Sphiign^icpiie)  are  characterised  by 
an  external  sheathing  of  porous  cells  about  the  stem  (Fig.  320).  The 
sheathing  cells  recall  those  on  many  aerial  roots  (p.  100),  and  in  the 
Bog-MoBses  they  also  consist  of  dead  cells  with  porous  and  spirally 
thickened  walla.  By  means  of  this  sheath  water  is  drawn  up  from 
the  ground  by  capillarity  and  conveyed  to  the  leaves,  throughout  which 
similar  porous  and  dead  cells  are  regularly  distributed.  In  the 
stems  of  many  of  the  Bnjineae  there  is  also  developed  a  simple  fomi 
of  conducting  tissue  (Fig.  159);  and  the  many-layered  midrib  of 
the  single -layered  leaf  lamina  is  also  traversed  by  a  conducting 
strand.  In  spite  of  their  more  advanced  differentiation,  the  Bryo- 
phytes  may  still  be  included,  just  as  they  were  originally  in  1813  by 
De  Canuolle,  in  his  classification  of  the  vegetable  kingdom  according 


.„C(.K>t^lc 


SECT.  I  JIORPHOLOGY  147 

to  the  natural  system,  with  the  other  lowtr  Cryptogams  in  tlie  class 
of  CELLULAR  PLANTS,  as  distin^ished  from  the  VASCULAE  plants  or  ' 
PteridophyteB  and  Phanerogams.  A  separation  of  the  tissues  into  the 
three  systems  of  tegumentary,  fundamental,  and  vascular  tissue  occurs 


for  the  first  time  in  the  vascular  plants ;  while  the  systems  themselves 
also  exhibit  a  widely  extended  differentiation. 

The  OntOireny  of  the  Internal  Structure 

However  a  plant  may  arise,  whether  from  an  asexualiy  produced 
spore  or  from  a  fertilised  egg,  its  first  inception  is  always  as  a  single  cell. 
In  unicellular,  spherical,  or  rod-ahaped  organisms,  such  as  Gli^ocapm 
polpdermatica  (Fig.  l)or  Bacteria  (Fig.  4),  the  whole  course  of  develop- 
ment is  concluded  with  the  cell  division  which  gives  birth  to  two 
new  independent  organisms.  If  the  cell  divisions  be  continuous 
and  parallel,  and  the  newly -developed  cells  remain  in  contact, 
CELL  FILAMENTS  (Fig.  4,  «*)  Will  be  formed  ;  if  the  division  walls 
have  different  incliuations,  and  are  at  the  same  time  all  in  the 
same  plane,  CELL  surfaces  are  produced ;  and  if  the  walls  are 
formed  in  three  dimensions  of  space,  CKr.L  masses  are  the  result. 
Such  aa  organism  will  attain  but  a  low  degree  of  development 
if  ail  its  cells  have  a  like  value,  and  continuously  reproduce 
themselves  in  the  same  manner.  With  the  distinction  into  BASE 
and   APEX  a   plant  maniFeste  a  higher  degree  of  differentiation.     A 
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VBaETATIVB  OF  GROWING  POINT  IB  then  developed,  UBually  at  the 
apex,  and  in  the  simpler  cases  this  consists  of  but  a  single  cell  (Fig-  5). 
"inie  apex  assumes  more  and  more  the  character  of  an  APICAL  CELL  from 
which  all  the  organs  of  the  plant  take  their  origin ;  thus,  in  the  case  of 
Cladoslephus  va-ikillalus  (Fig.  7),  the  many-celled  main  ajcis  terminates 
in  a  single  conical  cell  which,  by  transverse  and  longitudinal  divisions, 
gives  rise  to  the  cellular  system  of  the  whole  plant.  Its  side  branches 
are  likewise  formed  from  similar  apical  cells,  which  develop,  in  regular 
acropetal  order,  from  certain  of  the  lateral  cells  of  the  parent  stem, 
and  determine  the  character  of  the  branching,  to  which  reference  ie 
made  in  the  specific  name  of  this  sea-weed.  Flat,  ribbon-like  plants 
also,  such  as  Diclyota  dkJtoimna  (Fig;  8),  may  have  conical  but 
correspondingly  compressed  apical  cells  (Fig.  160,  A),  from  which 
segments  are  cut  off  by  concave  cross  walls,  and  become  further 
divided  by  subsequent  longitudinal  walls.     The  dichotomous  branching 


eo  apparent  in  ZHctyota  is  preceded  by  a  longitudinal  division  of  the 
apical  cell  into  two  equal  adjoining  cells  (B,  a,  a).  By  the  enlarge- 
ment and  continuous  division  of  these  two  new  apical  cells  the  now 
bifurcated  stem  becomes  prolonged  into  two  forked  branches  (Fig. 
160,  D).  In  other  ribbon-like  Algae,  on  the  other  hand,  and  in 
similarly  shaped  Hepaticae,  as  in  Melzgeria  and  Aneitra,  the  apical  cell 
is  wedge-shaped  (Fig.  161),  and  the  successive  segments  are  cut  off 
alternately  right  and  left  by  intersecting  oblique  walls ;  from  these 
segments  the  whole  body  of  the  plant  is  derived  by  further  division. 
The  apparently  strictly  dichotomous  branching  of  Hepaticae  provided 
with  such  apical  cells  is  in  reality  due  to  the  early  development  of 
new  apical  cells  in  young  segments  (Fig.  IGl,  b).  In  the  case  of  the 
erect  radially  symmetrical  stems  of  the  Musci,  most  Ferns  and 
Eqtiiselaceae,  the  apical  cell  has  generally  the  shape  of  an  inverted 
pyramid  with  plain  sides  and  a  convex  base,  and  forms  the  apex  of 
the  vegetative  cone  characteristic  of  the  more  highly  organised  plants. 
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Id  the  Common  Horsetail  (Equisetnm  arvense),  for  example,  the  apical 
cell  of  the  main  ana  viewed  from  above  (Fig.  163,  A),  appears  aa  an 
equilateral  triangle,  in  which  new  walls 
are  auccesaively  formed  in  a  spiral  direc- 
tion, parallel  to  the  original  walls  (p). 
Each  new  segment  thus  derived  is  divided 
by  a  new  division  wall  (Figs.  162,  163,  m) 
into  an  npper  and  lower  half ;  each  of 
these  halves,  as  is  shown  most  clearly  by 
an  optical  section  just  below  the  apical 
cell  (Fig.  163,  B\  becomes  agwn  divided 
by  a  sextant  wall  {s)  into  two  new  cells. 
It  is  nnneeessaty  to  trace  the  further  divi-  P'o-  ifli— ui^raHiiiutic  repwuenu- 
sions,  and  it  will  suffice  to  call  attention  to  J^dui^wi^^hiirw^^al 
the  fact,  that  all  cell  walls  parallel  to  the  fnm  the  <i<>niii  aiae.  »,'  Apini 
outer  surface  of  such  vegetative  cones  or       ceii  of  p«rent"iidoti  ft,  »pic«i  teii 

,      ,      .  .J  uf  dsuKhtffl-  ahoot.     (After  K»v, 

portions  of  plants  are  termed  Periclinal       ^  ^|,^  j;,, , 

WALLS,  while  such  as  meet  the  surface  and 

the  periclinal  walls  at  right  angles  are  designated  axticlinal,  of 

which  those  in  the  plane  of  the  axis  of  an  oi^n  are  called  radial. 
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Some  distance  below  the  apical  cell  of  EqiiUflum  an-ense  the  first  leaf- 
whorl  arises  from  the  vegetative  cone  as  a  circular  wall,  which  grows  by 
the  formation  of  cell  walls  inclined  alternately  inwards  and  outwards 
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in  the  wedge-shaped  marginal  cells  which  form  its  aurrace  layer  (Fig. 
162,  /).  This  h  succeeded  at  a  lower  level  by  other  and  older 
leaf-whorla  (/',/').  An  initial  cell  (g)  may  be  distinguished  in  the 
axil  or  the  second  leaf-whorl,  and  this  is  destined  to  becume  the 
three-sided  apical  cell  of  a  side  bi-anch.  In  the  Lyaipodvuie,  the  most 
highly  developed  of  the  Pteridophytes,  a  distinct  apical  cell  can  no 
longer  be  recognised,  while  in  the  Phanerogams  the  cells  of  the 
vegetative  cone  are  arranged  as  shown  in  the  accompanying  figure  of 
Hippnm  mlgaris  (Fig.  164),  in  which  the  embryonic  tissues  are  arranged 
in  layers  which,  as  was  first  noticed  by  Sachs,  form  confocal  parabolas. 
The  outermost  layer,  which  covers  both  vegetative  cone  and  also  the 
developing  leaves,  is  distinguished  as  the  UEKMATOtiEN  (d) ;  the  ceils  of 
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the  innermost  cone  of  tissue,  in  which  the  central  cylinder  terminates, 
constitute  the  plerome  {pt) ;  while  the  layers  of  cells  lying  between 
the  dermatogen  and  plerome  are  called  the  PERIBLRM  {pr).  In  the 
same  figure  may  be  noticed  the  uniformity  with  which  the  dividing 
walls  of  the  different  layers  intersect  at  right  angles.  This  arrange- 
ment was  regarded  by  Sachs  as  chai-acteristic  of  the  whole  plant 
structure.  The  anticlinal  walls  at  right  angles  to  the  surface  form  a 
system  of  orthogonal  trajectories  for  the  pericHnal  walls. 

True  ROOTS  are  first  found  in  the  Pteridophytes,  and  possess  an 
apical  cell  in  the  shape  of  a  three-sided  pyramid  (Fig.  165,  ()■  I" 
addition  to  the  segments  given  off  by  the  apical  cell  parallel  to  its  sides, 
it  also  gives  rise  to  other  segments  {k)  parallel  to  its  base.  It  is  from 
the  further  division  of  these  latter  ca[>-like  segments  that  the  ROOT-CAP 
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is  derived.  In  the  roots,  as  in  the  stems  of  the  Lycopoilinae,  no  apical 
cells  &re  found.  In  like  manner  the  roots  of  Phanerogams,  although 
exhibiting  several  different  types  of  root-growth,  follow  the  same  law 
in  the  arrangement  of  their  elements  as  the  vegetative  cone  of  the 
stems.  It  will,  accordingly,  be  sufficient  to  describe  a  root  of  one  of  the 
Gmmineae  (Fig.  166)  as  a  representative  of  one  of  these  types.  The 
vegetative  cone  of  this  root  differs  from  that  of  the  stem  previously 
described  (Fig.  164)  in  the  possession  of  a  root-cap.     The  dermatogen 


{^d)  and  periblem  (pr)  unite  at  the  apex  in  a  single  cell  layer,  outside 
of  which  lies  the  CALYPTROOEN  (k)  or  layer  of  cells  from  which  the 
root-cap  takes  its  origin.  In  many  other  roots,  however,  the  formation 
of  the  root-cap  results  from  the  periclinal  division  of  the  dermatogen 
itself,  irhich,  in  that  case,  remains  distinct  from  the  periblem.  In  the 
apices  of  Gymnosperma  the  dermatogen,  periblem,  and  calyptrogen 
are  not  marked  out  as  distinct  regions.  In  roots,  aa  in  stems,  the 
plerome  cylinder  (p/)  almost  always  terminates  in  special  initial  cells. 
At  a  short  distance  below  the  growing  point  the  embryonic  tissue 
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loaeB  its  meristematic  character,  and  beeomea  traDsformod  into  the 
difTerentiated  body  of  the  plant.  'As  a  general  rule,  in  plante  with  an 
epidermis,  primary  cortex,  and  central  cylinder,  the  epidermis  is 
developed   from    the    dermatc^n;    the   primary   cortex   from    the 
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periblem ;  the  central  cylinder  from  the  plerome.  This  differentiation 
of  the  tissues  does  not  take  place  in  all  cases ;  and,  in  fact,  does  not 
extend  to  the  embryonic  tissue,  the  peculiar  cell  arrangement  of  which 
is  due  rather  to  physical  causes.  The  vascular  bundles  must  pass 
through  the  periblem  in  order  to  reach  the  leaves.  The  periblem  is 
therefore  capable  of   producing,  not   only  the  primary  cortex,  but 
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also  the  vascular  buodles  and  accompanying  tissues  of  the  central 
cylinder.  The  terms  dennatogen,*  periblem,  and  plerome  are  em- 
ployed merely  for  convenience  to  designate  certaiti  cell  layera,  and 
are  not  to  be  regarded  as  significant  of  any  peculiar  jiistt^enetic  or 
tiisae-ronning  ability.  The  external  layer  from  which  the  epidermis 
develops  usually  i-emains  a  single  cell  layer.  The  rudiments  of  the 
stiU  undeveloped  vascular  bundles  soon  appear  in  the  central  cylinder 
u  procambium  strands ;  while  the  endodermis  of  roots  is  derived  at 
an  early  stage  from  the  innermost  layer  of  the  cortex. 

In  atenns  with  apical  cells  the  rudiments  of  new  leaves  and 
SHOOTS  are  developed  from  single  peripheral  cells,  or  cell  groups  of  the 
vegetative  cone  (Fig.  162).  In  such  cases,  not  only  the  new  shoots, 
but  even  the  leaves,  usually  begin  their  development  with  an  apical 
cell.  The  apical  cells  of  the  leaves,  however,  soon  disappear,  and 
further  growth  proceeds  along  their  whole  mai^a 

In  a  stem  with  no  apical  cell  (Figs.  16,  164)  the  rudiments  of  the 
luves  and  new  shoots  first  appear  as  small  protuberances,  the  formation 
of  viaah  is  generally  initiated  by  the  periclinal  division  of  a  group 
of  periblem  cells ;  while,  in  the  meantime,  the  cells  of  the  overlying 
dermatogen  continue  their  characteristic  anticlinal  divisions.  Id  the 
case  of  new  shoots  developing  at  some  distance  from  the  growing 
point  of  the  parent  stem,  the  cells  from  which  they  are  destined  to 
aiise  retain  for  that  purpose  their  original  embryonic  character.  In 
spring,  as  LuDWiG  Koch  has  shown,  the  formation  of  the  buds  on  the 
rapidly  growing  shoots  of  bushes  and  trees  may  be  postponed,  so 
that  the  rudimentary  lateral  shoots  first  appear  in  the  axils  of  the 
eighth  or  even  the  tenth  youngest  leaves,  and  consequently  at  [Mints 
vhere  the  differentiation  of  the  surrounding  tissue  has  already  begun. 

The  vegetative  cone,  in  the  case  of  strictly  dichotomously-branch 
ing  shoots  (c/.  Fig.  1 4),  increases  the  number  of  its  cells  in  the 
direction  of  the  plane  of  the  subsequent  bifurcation,  and  eventually 
gives  rise  to  two  new  growing  points.  With  the  exception  of  those 
PleridophytfSy  whose  roots  as  welt  as  stems  are  dichotomously  branched, 
the  branches  of  the  roots  arise  in  acropetal  succession ;  and  their 
branching  first  begins  in  regions  considerably  removed  from  the  grow- 
ing point,  and  where  the  differentiation  of  the  tissues  is  already 
complete.  In  Phanerogams  new  roots  are  developed  in  the  pericycle: 
in  Pteridophytes  in  the  innermost  cortical  layer.  The  lateral  roots 
must  consequently  push  through  the  whole  cortical  layer  of  the  parent 
root.  They  are  situated  either  directly  in  front  of  the  vascular  strands 
of  the  parent  root,  or  between  the  xylem  and  phloem  strands.  The 
number  of  rows  of  lateral  roots  is,  therefore,  as  Van  Tieghem  has 
pointed  out,  either  equal  to  or  double  the  number  of  vascular  strands. 
As  the  strands  of  the  vascular  bundles  of  roots  take  a  straight  course, 
the  lateral  roots  must  similarly  form  straight  rows.  The  distances 
between  the  rows  themselves  are  equal,  or  when  the  lateral  roots  are 
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situated  to  the  right  and  left  of  each  vascular  strand,  the  rows  are 
arranged  in  pairs  with  wider  intervals  between  each  pair. 

Inasmuch  as  a  multiceltular  plant  begins  its  development  aa  a 
single  cell,  either  from  a  spore  or  fertilised  egg,  and  then  gradually 
passes  into  its  multicellular  condition  with  corresponding  internal  and 
external  differentiation,  it  repeats  in  its  ontogeny  the  steps  of  its 
PHYLOGENETiC  DEVELOPMENT.  These  phylogenetic  processes,  however, 
undergo  material  modification  in  the  course  of  the  ontogenetic  develop- 
ment of  a  plant.  The  internal  modifications  are  in  some  respects  less 
marked  than  those  experienced  by  the  external  organs,  because  the 
internal  inherited  structure  is  leas  subject  to  the  disturbing  action  of 
external  influences.  Tlie  ontogeny  of  the  internal  differentiation  of 
a  plant  is  on  this  account  often  of  service  in  determining  its  relation- 
ships. In  most  cases,  it  may  be  safely  said  that  every  change  in  the 
'  internal  difFerentiation  of  an  organ  is  of  more  general  significance  the 
earlier  it  manifests  itself  in  the  development  of  the  embrj'o,  and  the 
nearer  it  occurs  to  the  growing  point  in  which  the  embryonic  de- 
velopment is  continued.  Conversely,  a  characteristic  is  so  much  the 
more  significant  for  the  determination  of  immediate  relationships, 
the  later  it  makes  its  appearance  in  the  ontogenetic  development. 

Structural  Deviations 

Plants,  even  of  the  same  species,  never  exactly  resemble  each 
other.  Every  individual  oi^anism  has  its  own  jwculiar  character- 
istics by  which  it  may  easily  be  distinguished  from  every  other  of  the 
same  species.  To  a  certain  extent  individual  variability  may  he  due 
to  atavism,  or  the  reappearance  of  previous  ancestral  (jualities.  The 
greater  part,  however,  of  such  INDIVIDUAL  variations  are  the  result 
of  newly  developed  peculiarities.  Variations  which  are  inherited  lead 
to  the  development  of  NEW  VARfETiES.  Independent  or  spontaneous 
deviations  are  often  the  cause  of  MONSTROSITIES,  and  as  these  are  apt  to 
disturb  the  regular  functions  of  an  organ  they  are  frequently  the  occasion 
of  disease.  The  study  of  the  abnormal  development  of  plants  is  called 
Phytoteratology.  That  a  plant  becomes  abnormally  developed  may 
be  due  either  to  internal  or  to  external  causes.  As  an  example  of 
variations  occasioned  by  internal  causes  may  be  cited  the  so- 
called  BUD- VARIATIONS,  which  result  in  the  abnormal  development  of 
single  shoots.  In  like  manner  a  variation  in  the  number  of  the 
members  of  a  floral  or  leaf  whorl  may  occur  as  a  result  of  internal 
causes ;  thus,  for  example,  Paiis  qwjdrifolin  occasionally  exhibits  a 
hexamerouB  instead  of  a  tetramerous  symmetry.  The  internal  struc- 
ture of  a  plant  nlay  likewise  be  disturbed,  and  the  development 
of  its  vascular  water-courses  or  of  its  mechanical  elements  become 
considerably  altered.  In  many  cases  variations  are,  no  doubt,  the 
result   of  changes    in    the    mode   of    nutrition ;    this    fact  has   been 
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tAken  advantage  of  by  horticiiltarists  to  biing  about  certain  wished 
for  results.  Among  EXTERNAL  cau&ks  uF  VAkiations  tlie  influence 
exercised  by  parasites  upon  the  development  of  the  whole  plunt  is 
jKirticularly  striking.  Euphorbia  Ci/jtaiissiiis,  when  attacked  by  a  rust 
fuQgus  {Aectdium  Euphwime),  becomes  sterile,  remains  unbranched, 
has  shorter  and  broader  leaves,  and  in  ita  whole  appearance  is  so 
changed  ae  scarcely  to  be  recognisable.  Plant  lice  sometimes 
cause  a  flower  to  turn  green,  so  that  instead  of  floral  leaves  green 
foliage-like  leaves  appear.  Another  peculiar  example  of  abnormal 
growths  are  the  galls  or  cecidia  produced  on  plants  by  Fungi, 
or  more  frequently  by  insects.  The  effect  of  these  formations 
on  the  normal  development  of  the  tissues  of  a  plant  is  more  or 
less  distarbing,  according  to  their  position,  whether  it  be  in  the 
embryonic  substance  of  the  growing  point,  or  in  the  tissues  still  in 
course  of  differentiation,  or  finally  in  those  already  developed.  The 
larvte  of  Ceddomyia  rosaria  live  in  the  growing  points  of  willow  stems, 
and  occasion  a  malformation  of  the  whole  stem  by  the  production  of 
galls  known  as  "willow-roses."  Flies  {Biptera)  often  deposit  their 
eggs  in  the  tissues  of  partially  developed  leaves,  in  consequence 
of  which  the  leaves  become  more  or  less  swollen  and  t^visted. 
After  the  leaves  of  the  Oak  have  attained  their  full  growth  thej' 
are  often  stung  by  a  gall-wasp  of  the  genns  Cynips.  The  poison 
introduced  by  the  sting,  and  also  by  the  larvee  hatched  from 
the  eggs  deposited  at  the  same  time,  occasion  at  first  only  a 
local  swelling  of  the  leaf  tissue,  which  finally,  however,  results 
in  the  formation  of  round,  yellow,  or  red  galls  on  the  lateral 
ribs  on  the  under  side  of  the  leai.  As  galls  materially  differ 
from  one  another  according  to  the  nature  and  cause  of  their  forma- 
tion, it  is  generally  possible  to  det«rmine  the  insect  or  Fungus  by 
which  they  were  induced.  As  an  explanation  of  malformations  which 
originate  in  the  plants  themselves,  some  exciting  cause  must  l>e  pre- 
sumed which  turns  the  processes  of  development  from  their  usual 
course.  The  earlier  such  an  influence  makes  itself  felt  in  the  rudi- 
ments of  organs  the  more  severe  is  its  effect  upon  their  development. 
When  the  embryonic  substance  of  the  growing  i>oint  is  affected  by 
such  an  influence  altogether  unexiiected  modifications  of  the  usual 
order  of  growth  may  result.  As  the  embryonic  substance  of  the 
growing  point  is  of  itself  capable  of  producing  all  such  fonns  as 
are  peculiar  to  the  species,  instead  of  a  flower  a  stem  may  be  de- 
veloped, or  the  growing  point  of  a  root  may  continue  its  further 
development  as  a  stem.  Leaves,  even  when  somewhat  advanced  in 
growth,  may  under  changed  conditions  vary  their  usual  character, 
particularly  within  the  limits  of  their  possible  metamorphosis ;  for 
example,  the  staminal  and  carpellary  leaves  of  a  flower  may  thus  become 
transformed  into  additional  perianth  leaves.  The  later  the  rudimente 
of  an  oi^n  are  acted  upon  by  a  disturbing  influence,  so  much  the  less 
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far-reachiDg  are  the  modifications  which  it  produces ;  and  thus  inter- 
mediate forme  between  two  organs  may  be  produced  which  correB[>ond 
more  or  leas  closely  to  one  or  the  other  of  them.  Finally,  through  the 
capability  of  a  fully-differentiated  tissue  to  renew,  as  a  secondary  meri- 
stem,  its  embryonic  condition,  an  organ  of  an  entirely  different  mor- 
pholi^ical  value  may  be  produced  instead  of  one  already  in  process  of 
formation ;  in  this  way,  for  example,  a  shoot  may  take  the  place  of  a 
spore  capsule.  Consequently  neither  the  abnormal  int«rcfaangeability, 
at  times  manifested  between  morphologically  different  members,  nor 
the  development  of  intermediate  forms  between  them,  can  be  con- 
sidered as  proof  of  their  phylogenetic  connection.     Malformations 

ARB,  ACCORDINGLY,  NOT  TO  BE  ACCEPTED  AS  B^^DBNCE  IN  MORPHO- 
LOGICAL QUESTIONS,  EXCEPT  IN  THE  RARE  CASES  WHEN  THEY  MAY  BE 
CONSIDERED  AS  A  REAPPEARANCE  OF  ANCESTRAL  QUALITIES. 
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PHYSIOLOGY 

Plants,  like  anim&ls,  are  living  organisms.  Beginning  their  develop 
meat  with  the  simplest  structure,  and  increasing  in  sise  from  interna) 
causes,  they  assume  their  definite  form  and  complete  their  existence 
atcorditig  to  laws  detjermined  by  inheritance.  Surrounded  by  a  world 
which  difTers  very  widely  from  them  as  regards  chemical  constitution, 
they  produce  the  substances  necessary  to  their  growth  from  the  raw 
materials  afforded  by  the  environment.  To  this  end  the  different  part« 
of  their  bodies  are  enabled  by  independent  movements  to  take  such 
relative  positions  as  are  most  favourable  to  their  mode  of  growth.-  In 
spite  of  the  number  of  individuals  and  the  limited  duration  of  life,  the 
continuance  and  extension  of  the  species  are  provided  for  by  an  ability 
to  reproduce  like  organisms. 

Nourishment,  independent  growth,  power  of  movement,  and 
REPRODUCTION  are,  together  with  respiration,  the  striking  attributes 
which  characterise  plants  as  liviug  oi^anisms,  and  distinguish  them 
from  all  lifeless  bodies. 

An  organism  consisting  of  but  one  cell,  as  is  shown  by  the  life  of 
the  simplest  plants,  is  capable  of  exercising  all  the  functions  necessary 
for  the  continuance  of  its  existence.  In  the  case  of  plants,  however, 
which  consist  of  many  hundreds  or  thousands  of  cells  arranged  in  three 
dimensions  of  space,  it  is  impossible,  for  purely  physical  reasons,  that 
all  the  cells  should  bear  the  same  relations  to  the  outer  world.  The 
cells  in  the  interior  must  exist  under  conditions  altogether  different 
from  those  which  are  in  direct  contact  and  intercourse  with  the  world 
outside.  Consequently,  the  difTerently  arranged  elements  must  be 
adapter!  for  different  modes  of  life,  and,  since  they  must  exercise  their 
functions  in  different  ways,  must  show  what  is  called  differentiation. 

This  necessary  division  of  labour  has  led  to  the  development  of 
external  organs  and  internal  structures  wonderfully  adapted  to  the 
requirements  of  the  whole  plant.  Correlated  with  tlie  various  Classes 
and   relationship  of  plants,  there  are  certain   differences  as  regards 
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form  and  functioD.  But,  in  all  plants,  those  organs  to  which  the 
same  fuDctione  are  aeaigned  have  assumed  the  form  most  efficient 
for  their  purpose  ;  so  that,  for  example,  the  leaves  and  roots  of  plants 
otherwise  most  dissimilar  are  constructed  on  the  same  general  plan. 
In  proof  of  this  may  be  cited  the  general  terms  leaf,  root,  stem,  and 
flower,  the  comprehensiveness  of  which  is  even  more  evident  in  popular 
speech  than  in  the  technical  language  of  Botany,  which  has  given  to 
these  terms  a  more  strictly  defined  and  limited  meaning. 

Similarity  in  the  appearance  and  structure  of  organs  indicates  the 
exercise  of  common  functions  and  duties ;  while  dissimilarities  in  the 
form  and  structure  of  different  organs — such  as  the  leaf  and  root — are 
indicative,  on  the  other  hand,  of  their  different  utility  to  the  plant. 
There  lies,  then,  in  the  morphological  and  anatomical  development  of 
an  organ  an  unmistakable  proof  that  it  exists  because  of  its  function, 
and  that  it  is  not  of  accidental  origin. 

The  attributes  and  functions  of  organs,  as  well  as  of  single  cells,  are 
the  subjects  of  physiological  study.  It  is  evident,  however,  that  such 
study  must  be  based  upon  an  intimate  knowledge  of  the  outer  and 
inner  structure  of  plants ;  just  as  the  working  and  efficiency  of  a 
machine  first  become  comprehensible  through  a  knowledge  of  its  con- 
struction. On  the  other  hand,  the  study  of  external  and  internal 
Morphology  becomes  animated  by  Physiology,  and  attains  thereby  a 
deeper  purpose  and  meaning. 

It  is  the  province  of  Physiology  to  discover  the  points  of  correspond- 
ence among  the  numerous  individual  phenomena,  and  to  bring  to  light 
such  as  possess  an  essential  functional  significance.  On  the  other  hand,  it 
is  the  variations,  or  family  peculiarities,  which  are  of  value  in  Systematic 
Botany,  since  from  them  a  knowledge  of  family  relationships  may  be 
derived.  For  example,  it  suffices  for  the  physiological  conception  of 
flowers  to  know  that  they  are  the  oi^ans  of  sexual  reproduction  in 
higher  plants ;  that  the  male  cells  are  somehow  developed  from  the 
pollen  formed  in  the  anthers ;  that  from  the  female  cells  enclosed 
within  the  ovules,  after  their  union  with  male  cells,  the  embryos  or 
rudimentai'y  plants  are  derived.  These  important  facts  are  equally 
true  for  all  flowers,  no  matter  how  dissimilar  they  may  appear. 

The  Physical  and  Vital  Attributes  of  Plants 

With  the  exception  of  the  more  or  less  fluid  developmental  stages 
in  some  of  the  lower  organisms,  as  in  Am<eba  or  the  plasmodia  of 
Myxomycetes,  plants,  in  spite  of  the  great  amount  of  water  contained 
in  them,  are  of  the  nature  of  solid  bodies.  As  such  they  possess  in 
common  even  with  inanimate  objects  the  physical  attributes  of  weight, 
density,  elasticity,  conductivity  for  light,  beat,  electricity,  sound,  eta 
Important  as  these  attributes  are  for  the  very  existence  and  continu- 
ance of  the  life  of  a  plant,  they  do  not  constitute  that  life  itself. 
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Vital  phenomena  are  essentially  bound  up  with  the  living 
PROTOPLASM.  No  Other  substance  exhibits  a  similar  aeries  of  remark- 
able and  varied  phenomena,  such  as  we  may  compare  with  the 
attributes  of  life.  As  both  physics  and  chemistry  have  been  restricted 
to  the  investigation  of  lifeless  bodies,  any  attempt  to  explain  vital 
phenomena  solely  by  chemical  and  physical  laws  could  only  be  induced 
by  a  false  conception  of  their  real  significance,  and  must  lead  to  fruit- 
less results.  The  physical  attributes  of  air,  water,  and  of  the  glasses 
and  metals  made  use  of  in  physical  apparatus,  can  never  explain 
qualities  like  nutrition,  respiration,  growth,  irritability  and  repro- 
duction. It  would,  indeed,  be  superfluous  to  emphasise  the  fact,  were 
it  not  that  this  error  is  from  time  to  time  repeated. 

The  phenomena  of  life  can  only  be  studied  and  determined  by  the 
most  careful  observation  and  critical  examination  of  living  organisms. 
It  is  therefore  necessary  to  establish  what  part  the  purely  physical  and 
chemical  properties,  which  belong  to  all  bodies,  take  in  the  phenomena 
of  life,  and  to  what  extent  they  are  essential  to  the  maintenance  of 
life  itself.  A  perception  of  the  strictly  physical  and  chemical  processes 
going  on  within  an  organism  is  especially  desirable,  because  operations 
are  then  involved  with  the  causes  and  effects  of  which  we  are  already 
familiar.  In  questions  regarding  strictly  vital  phenomena  the  case  ia 
quite  different;  for  it  then  becomes  impossible  to  predict  what  effect 
a  particular  cause  will  produce.  The  free  end  of  a  horizontally 
extended  flexible  rod  bends  downwards  merely  by  its  own  weight 
The  same  result  will  follow  if  any  pait  of  a  dead  plant,  such  as 
a  dry  stem,  be  substituted  for  the  rod.  But  if  a  living,  growing 
stem  l>e  used  in  the  experiment,  then  the  action  of  gravity  will 
manifest  itself  in  a  manner  altogether  at  variance  with  its  ordinary 
operation.  That  part  of  the  stem  which  is  still  in  a  state  of  growth 
will  ultimately  curve  upwards,  and  BY  ITS  own  activity  ASSUME  AN 
UPRIGHT  POSITION ;  it  moves  in  a  direction  exactly  ctmtrary  to  the 
attractive  force  of  gravity.  If  a  tap-root  be  similarly  ex])erimented 
upon,  it  will,  on  the  contrary,  continue  its  downward  movement  until 
it  places  itself  in  a  line  with  the  direction  of  the  attraction  ;  a  rhizome, 
however,  under  like  circumstances,  would  constantly  maintain  its 
growing  apex_  in  a  horizontal  position. 

In  these  three  experiments  the  force  of  gravity  is  exerted  upon 
flexible  portions  of  plants.  Tiie  physical  conditions  are  the  same  in 
each  case,  yet  how  entirely  different  the  results  ! 

The  explanation  of  this  dissimilarity  in  the  effects  of  the  action 
of  gravity  is  to  be  sought  in  the  fact  that  gravity  acts  upon  liv- 
ing substances,  not  only  physically  but  also  in  another  way,  as  a 
stimulus  which  induces  a  response  in  the  internal  forces  of  the  plant 
body.  In  these  particular  experiments  it  is  the  fi)rce  of  growth 
which,  locally,  either  increases  or  restricts  the  force  of  gravity,  and 
produces  results   which    do    not    correspond    either    qualitatively    or 
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(|iiantitatively  with  ihe  known  opei'ations  of  the  luws  of  gravity. 
Living  substance  is  dominated  by  the  operation  of  stimuli.  Irrita- 
bility ia  its  most  important  attribute,  for  it  is  irritability  alone  that 
renders  possible  what  we  call  life. 

By  irritability  is  meant  the  iindoiibt«(],  though  not  fully  under- 
stood, connection -between  external  stimuli  and  the  response  of  a 
living  organism.  The  disproportion  that  may  exist  between  a 
cause  and  its  nltimnte  effect  is  plainly  apparent  in  a  steam  engine 
in  motion  or  in  the  firing  of  firearms.  The  slight  pressure  of  the 
finger  in  firing  a  cannon  has  as  little  correspondence,  either  quantita- 
tively or  qualitatively,  with  the  destructive  effect  of  the  shot,  as  the 
small  effort  necessary  to  open  the  throttle- valve  of  a  locomotive  to  , 
the  continuous  motion  of  a  heavily-ladcned  goods  train.  Tlie  opening 
of  the  valve  of  an  engine  before  the  steam  is  up  has  no  effect ;  it 
is  only  when,  by  this  process,  the  compressed  steam  is  liberated  that 
it  is  followed  bj'  such  enormous  results.  In  the  engine  the  connection 
between  the  cause' and  its  effect  is  known ;  in  the  effects  of  stimuli  on 
protoplasm  this  connection  is  not  apparent,  for  in  the  protoplasm 
the  intermediate  processes  i-etnain  invisible  to  the  eye,  even  when 
aided  by  the  best  microscope.  Tliere  is,  however,  no  occasion  for 
the  supposition  that  the  connection  between  the  stimulating  cause 
and  its  effect  on  the  protoplasm  is  accomplished  by  processes  which 
are  otherwise  foreign  to  the  protoplasm  itself,  and  which  are  called 
into  existence  only  under  the  influence  of  a  special  force,  the  vital  force. 
It  was  formerly  thought  necessary  to  ascribe  not  only  all  indications 
of  life,  but  even  all  the  transforming  processe.'t  cairied  on  within 
animate  objects,  to  the  effects  of  a  special  vital  force  or  principle. 
Xow,  however,  the  conception  of  tlie  vital  processes  has  become  so 
modified  as  no  longer  to  require  the  supposition  of  such  a  special 
vital  force ;  wliile  tlie  im])0SBibility  of  explaining  the  manifold  \ariety 
of  their  manifestation  by  the  action  oE  a  single  force,  and  the  advances 
made  in  chemistry  (■■/.  p.  5),  have  shown  the  futility  of  such  a 
supposition. 

Although,  at  the  present  time,  the  existence  of  a  special,  111' 
de|>endent  vital  force  is  denied  by  Physiology,  and  only  aueh 
agencies  are  accepted  as  are  inherent  in  the  substance  of  an  organ- 
ism itself,  still  we  must  at  tlie  same  time  take  accouiit  of  such  a 
vital  force  in  so  far  as  it  may  be  regarded  as  the  expression  of  a 
living  substance,  endowed  with  a  peculiar,  internal  structure,  which 
is  in  some  way  so  constituted  that  certain  actions  and  conditions 
are  followed  by  definite  vital  processes.  It  is,  then,  this  pecuHai' 
quality  of  irritability  that  distinguishes  living  pr'otoplasm  from  other 
bodies,  and  which  constitutes  the  fundamental  distinction  between 
living  and  dead  protoplasm.  Such  a  view  is,  however,  not  con- 
trary to  accepted  ideas;  simple  chemical  bodies,  indeed  even 
chemical  elements,  such  as  sulphur,  phosphorus,  etc.,  exist  in  different 
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"modificatioDs"  with  fundamentally  different  peculiarities.  In  con- 
sidering living  oi^anisniB,  it  is  the  irritability  or  living  modification 
of  the  proto])laamic  substance  which  must  occupy  the  attention.  The 
object,  therefore,  of  Physiology  consists  principally  in  discovering 
the  attributes  and  characteristics  incident  to  tha  modifications  of 
living  protoplasm. 

These  attributes  and  characteristics  are  so  distinctive  as  to 
separate  by  a  wide  gap  living  bodies  from  all  other  matter.  It  is, 
in  fact,  impossible  to  form  any  conception  ^  the  manner  in  which 
living  bodies  have  arisen  on  this  once  molten  planet  from  lifeless 
matter.  Acceptance  of  the  theory  of  evolution  authorises,  it  is  true, 
the  transfer  of  the  inception  of  life  on  the  eaitli  to  geological  periods 
separated  by  millions  of  years  from  tlie  present  time ;  but  the 
initiative  character  of  such  dawning  life  remains  no  less  incom- 
prehensible. From  a  consideration,  however,  of  the  attributes  of  the 
living  substance,  it  can  with  safety  be  said  that  the  external  con- 
ditions of  life  could  not  at  that  time  have  been  so  very  different  from 
those  now  existing  on  the  earth ;  for  it  is  a  characteristic  quality 
of  living  matter  that  its  vital  activity,  even  its  very  existence, 
is  circumscribed  and  limited  by  external,  cosmic  influences.  The 
vitality  of  vegetivble  protoplasm  can  only  be  preserved  within  a 
definite  range  of  temperature,  within  about  sixty  degrees  Celsius, 
while  its  full  vital  activity  is  restricted  to  still  narrower  limits.  Too 
intense  light  or  an  insufficiency  of  water  destroys  its  life ;  while  the 
most  minute  quantities  of  certain  poisons  suftice  to  shatter  instantly 
and  irrevocably  that  mysterious  structure,  in  which,  under  favourable 
conditions,  lies  concealed  the  capacity  to  vivify  the  whole  world. 

Although  living  plants  are  themselves  responsible  for  the  manner 
in  which  their  vital  phenomena  manifest  themselves,  they  stand, 
nevertheless,  in  the  closest  reciprocal  relations  with  their  environment, 
upon  tlie  condition  of  which  tliey  are  altogether  dependent.  From 
the  outer  world  they  obtain  not  only  their  nourishment,  but  receive 
also  from  it,  particularly  from  the  vibrations  of  light  and  heat,  the 
energ}'  that  they  again  expend  in  the  manifold  processes  of  their  vital 
phenomena.  It  is  to  the  operation  of  these  external  infliiences  that 
the  stimuli  are  due  wliich  constantly  call  forth  in  vegetable  protoplasm 
the  manifestation  of  vital  phenomena.  These  external  influences, 
however,  are  only  serviceable  to  the  processes  of  life  when  they 
operate  within  definite  limits  of  intensity.  The  lowest  limits  of 
intensity  for  the  efl'ective  operation  of  an  external  influence  is 
designated  the  MINIMUM,  the  highest  the  MAXIMUM,  while  that 
degree  of  intensity  at  which  it  is  most  operative  in  calling  forth  tlie 
most  active  manifestation  of  a  definite  vital  phenomenon  is  tci-med  the 
OPTIMUM  (c/.  also  p.  234).  For  the  different  vital  processes  of  the  same 
plant,  and  also  for  those  of  distinct  plants,  these  so-called  cardinal 
POINTS  are  generally  different.     Thus,  some  plants  flourish  best  when 
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exposed  to  bright  sualight,  while  the  shade-loving  plants  only  attain 
their  perfect  development  in  a  subdued  light,  such  as  that  of  a  forest. 
Not  only  does  the  intensity  of  the  required  illumination  differ  for 
different  species  of  plants  and  also  for  individuals  of  the  same  species, 
but  it  may  be  inconstant  even  for  the  same  plant.  Shade  is  absolutely 
essential  for  many  tropical  plants  in  a  young  state,  although  at  a  later 
age  they  can  endure  and  may  even  require  the  full  light  of  the  tropical 

On  exposure  to  a  fcw  temperature,  about  the  freezing  point  of 
water,  moat  plants  become  frozen  and  die,  generally.  Very  sensitive 
plants  may  even  become  frozen  at  a  temperature  considerably  above 
zero,  before  ice  has  been  formed  in  their  tissues.  In  the  case  of  other 
plants  the  internal  formation  of  ice  in  their  tissues  does  not  of  itself 
occasion  death.  The  formation  of  ice  always  begins  in  the  inter- 
cellular spaces  and  not  within  the  cells.  Its  continued  formation  is 
accompanied  by  ati  increasing  concentration  of  the  cell  sap ;  as  a 
consequence  of  this  ice  first  begins  to  form  in  plants  at  a  temperature 
below  zero,  and  only  gradually  increases  in  case  of  a  greater  reduc-  - 
tion  of  temperature. 

I.  The  Stability  of  the  Plant  Body 

One  of  the  most  important  and  essential  physical  attributes  of 
a  plant  is  its  rigidity.  Without  that  quality  plants  could  retain 
no  enduring  form.  The  capacity  to  return,  by  their  own  independent 
movement,  to  favourable  positions  from  wliich  they  may  have  been 
forcibly  disturbed  by  external  influences,  is,  in  trees  and  shrubs,  and 
also  in  the  more  rigid  herbs,  restricted  to  the  extreme  tips  of  the 
growing  stems. 

How  great  are  the  demands  made  upon  the  stability  of  plants 
will  he  at  once  apparent  from  a  consideration  of  a  rye  haulm ;  for 
although  it  is  composed  of  hundreds'of  thousands  of  small  chambers 
or  cells,  and  has  a  height  of  1500  mm.,  it  is  at  its  base  scarcely  3  mm. 
in  diameter.  The  thin  stems  of  reeds  reach  a  height  of  3000  mm.  with 
a  base  of  only  15  mm.  diameter.  The  height  of  the  reed  exceeds  by 
two  hundred  times,  and  that  of  the  rye  haulm  by  five  hundred  times, 
the  diameter  of  the  base.  In  comparison  with  these  jiroportions  our 
highest  and  most  slender  buildings,  such  as  tall  chimneys,  are 
extremely  thick  structures  ;  in  tbom  the  height  is  only  from  twelve  to 
seventeen  times  the  diameter  of  the  base.  In  addition,  moreover, 
to  the  great  disproportion  between  the  height  and  diameter  of 
plants,  they  are  often  surmounted  by  a  heavy  weight  at  the  summit ; 
the  rye  straw  must  sustain  the  burden  of  its  ears  of  grain,  the 
slender  Palm  the  heavy  and  wind-swayed  leaves,  which  in  Lodoiceii 
Sefhellanim  have  a  length  of  7  m.  and  a  breadth  of  3-4  m.,  while 
in    the   Palm  Eiiphia  tafdigera  the  leaves  reach  a  size  of  20  m.   in 
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length  and  12  m.  in  breadth.  In  the  case  of  free-growing  plants, 
vrhich  attain  the  height  of  high  buildings,  e.g.  Eiiut/ifpltLi  and  Sequoia, 
the  proportions  noticed  in  a  single  grasa-haulm  no  longer  obtain. 

In  plants,  however,  the  rigid  immobility  of  a  building  is  not 
required,  and  they  possess  instead  a  wonderful  degree  of  elasticity. 
Tlie  rye  straw  bends  before  the  wind,  but  only  to  retiira  to  its 
original  position  when  the  force  of  the  wind  has  been  expended. 
The  mechanical  equipment  of  plant  bodies  is  peculiar  to  themselves, 
but  perfectly  adapted  to  their  needs.  The  firm  but  at  the  same 
time  elastic  material  which  plants  produce,  is  put  to  the  most  varied 
uses  by  mankind  ;  the  wood  forms  an  easily  worked  yet  sufficiently 
durable  building  material,  and  the  bast  fibres  are  employed^  for  a 
variety  of  economic  purposes. 

In  young  stems  and  plants,  in  which  the  stiff  but  elastic  wood 
and  sclerenchymatous  fibres  are  not  developed,  the  necessary  rigidity 
cannot  be  attained  in  the  same  way  as  in  the  older  and  woody  stems. 
But  although  the  principal  component  of  such  young  stems  is  water 
-  (often  90  per  cent  or  more),  they  maintain  a  remarkable  degree  of 
rigidity  and  elasticity  through  the  elastic  tension  of  their  extremelj' 
thin  and  delicate  cell  walls. 

Tai^dity. — When  air  or  water  is  forced,  under  pressure,  into  an 
elastic  receptacle  such  as  a  rubber  tube,  the  walls  of  the  tube  be- 
come stretched  and  the  tube  longer  and  thicker.  By.  this  process 
the  tube  becomes  just  so  much  stifTer  and  firmer  the  greater  the 
internal  pressure  and  the  more  elastic  and  thinner  its  wall.  By  the 
similar  tension  of  their  elastic  cell  walls  arising  from  internal  pressure, 
the  rigidity  and  elasticity  of  thin-walled  plant  cells,  and  organs  com- 
posed of  them,  are  maintained.  ThejjfiUuJjjsewallsotjjateiichymatous 
cells  are,  in  spite  of  their  delicate  structure,  exceedingly  Arm  and, 
at  ihe  3ftffi^.JiiBW.~eJastic;  when  dt3tewd<M].  therefore,  by  a  strong 
intemar''pressure  they  exhibit "pHysTcal  properties  similar  to  those  of 
a  rubber  tube.  In  onler  to  understand  how  such  an  internal  pressure, 
actually  existing  within  a  cell,  can  arise,  it  is  necessary  to  take 
into  consideration  the  physical  phenomenon  of  osmosis,  first  in- 
vestigated by  the  botanist  DrTROCHET,  and  later  more  particularly 
studied  by  Pfbffer  and  Dk  VniES.  Disregarding  the  recent  and  as 
yet  merely  theoretical  views,  according  to  which  osmotic  pressure,  like 
that  of  steam,  is  supposed  to  be  derived  from  the  impact  of  motile, 
isolated  molecules  or  ions  gainst  the  walls,  it  will  be  assumed  that 
osmosis  is  due  simply  to  the  mutual  attraction  of  smajl  particles  of 
solid  matter  and  their  solvents.  It  depends  also  on  the  molecular 
attraction  which  converts  solid  bodies  into  solutions,  and  which  so 
operates  that  the  dissolved  substances  become  uniformly  distributed 
throughout  the  solution. 

When  two  solutions  of  unequal  concentration  are  separate<l  by  a 
membrane    which  is  equally   permeable  to  both,   an   attraction  and 
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difTuBion  of  botli  liquiijs  will  take  place  through  the  separating  mem- 
brane. If,  however,  the  membrane  is  more  easily  permeated  by  one 
of  the  Bohitions  than  by  the  other,  then  a  larger  quantity  of  the  one 
than  the  other  wilt  pass  through  it ;  and,  in  case  the  membrane  is  only 
permeable  for  one  solution,  that  one  alone  will  be  drawn  through  it. 
If  a  pig's  bladder  be  filled  with  a  solution  of  common  salt  and  then 
immersed  in  water,  the  flow  of  water  int()  the  bladder  is  more  rapid 
than  the  outflow  of  the  s^lt  solution,  and,  in  consequence,  an  intem&l 
pressure  is  exerted  within  the  bladder  sufficient  to  expand  it  to  a  hard, 
rigid  body. 

A  pressure  similar  to  that  arising  from  the  osmotic  attraction  of 
the  salt  solution  is  produced  in  plant  cells  by  the  substances,  particu- 
larly Clonic  and  inorganic  acids,  salts  and  sugar  compounds,  held  in 
solution  in  the  cell  sap.  The  living  protoplasm  of  the  cell  does  not 
allow  any  of  the  substances  dissolved  in  the  sap  to  pass  out,  except 
such  as  escape  through  the  diffusion  taking  place  between  the  cells 
themseh'es.  In  this  process  a  constant  transmutation  and  transforma- 
tion of  the  cell  substances  occurs,  but,  as  may  be  observed  In  cells 
with  coloured  cell  sap,  these  are  held  in  by  the  protoplasm,  and  in 
particular  by  the  protoplasmic  membrane  (]>.  51).  These  substances, 
however,  draw  in  water  through  the  cell  walls  and  the  protoplasm, 
and  so  set  up  a  pressure  within  the  cells  often  as  high  as  3  atmo- 
spheres. In  some  instances  this  pressure  may  amount  to  10,  12,  15, 
and  20  atmospbei'es  (e.g.  cells  of  the  cambium  and  medullary  rays  of 
trees).  Thus  a  tension  is  created  which  frequently  exceeds  that 
exerted  by  the  steam  of  the  most  powerful  locomotives.  Through 
the  force  of  such  a  tension  the  cell  walls  become  so  distended,  that 
cells  under  the  iuRuence  of  this  pressure  or  turgidity  become  longer 
and  larger  than  in  their  unexjKinded  condition. 

When,  from  any  cause,  the  quantity  of  water  in  such  a  turgescent 
cell  is  diminished  the  internal  pressure  is  naturally  decreased,  and  the 
distended  cell  walls  shrink  together  again.  The  cell  grows  smaller, 
and,  at  the  same  time  losing  its  rigidity  and  elasticity,  becomes  soft 
and  flaccid. 

This  condition  occurs  from  natural  causes  when  a  succulent  plant 
loses  more  water  by  evaporation  than  it  can  replace,  and,  in  conse- 
quence, becomes  flaccid.  Such  a  flaccid  plant  plaiidy  shows  that  the 
rigidity  is  not  maintained  by  its  framework  of  cell  walls,  but  by  the 
hydrostatic  pressure  within  the  cells,  for  with  a  more  abundant  water 
supply  it  returns  to  its  original  condition. 

In  addition  to  loss  by  evaporation,  water  is  also  withdrawn  from 
cells  by  the  same  molecular  force  which  causes  the  internal  or  endos- 
motic  pressure.  In  cases  where  the  cells  are  suri'ounded  by  a  soliitioti 
which  exerts  an  attraction  upon  water,  the  turgidity  of  the  cells  is 
proportionally  weakened,  and,  if  the  force  of  the  exosmotic  pressure  is 
sufficient,  it  may  be  altogether  o\'ercome.    On  account  of  the  consequent 
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FLAKMOLYSis,  OF  the  contraction  and  separation  of  the  protoplasm  from 
ihe  cell  walls,  occasioned  by  the  withdrawal  of  water,  the  tension  of 
the  cell  walls  is  decreased,  nnd  the  cell  becomes 
flaccid  and  collapses  (Fi^.  107),  although  com- 
pletely surronnde<l  by  an  aqueous  solntion.  If 
placed  in  pure  water,  however,  tlie  previous 
turgescence  of  the  cells  can  be  restored,  that  is, 
if  their  protoplasm  has  not  been  too  strongly 
affected  by  the  action  of  the  solution.  If  the 
protoplasm  has  been  killed  in  the  process,  it 
Iwcomes  permeable  to  water,  and  it  is  no 
longer  possible  to  get  up  an  internal  pres- 
sure. Fresh  sections  of  Beets  or  Carrots, 
placed  in  water,  give  up  none  of  their  sugar 
or  colouring  matter ;  but  after  the  protoplasm 
has  been  killed  (bj  tookmg  or  freezing),  the 
sugar  and  colouring  matter  at  once  escape  into 
tlie  surrounding  water,  and  the  sections  lose 
tlieir  firmness  and  rigidity 

Tliroiigh  a  knowledge  of  the  strength  of  a  solution 
neren»arj  to  [iroduce  vtasmoij  sm,  a.  means  is  affordni 
nl  uivaKunng  the  internal  pressure  uitliin  jilant  cells 
For  example,  ifa  solution  of  mltpetre  inth  an  osmotic 
|>m>9iire  of  5  stmosphereH  [a,  1  jier  tent  solution, 
BiTordmg  to  Pfl'H'Flt'i  iniestigations,  gives  nae  to  a 
[  rewure  of  Bliout  34  atniosplierea)  is  jurt  sufficient  to 
oierLonif  tlie  turgidit}  of  a  plant  cell  (which  in  the 
liie  ol  stretched  elastic  lbUs  shows  itself  bj  tlie  limit 
of  contractiou  lieing  reached),  then,  coniemelj,  the 
lell  Nap  everts  tijion  usttr  an  eipiivaleut  eiidosmotlc 
|irpisure  The  force  required  to  forcllih  stretch  s 
llsrcid  or  plasmah->ed  organ  to  its  original  length 
furiii--he->  al-M)  a  rough  means  of  estimating  the  [  ^e^sn^e 
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In  the  tension  produced  by  turgidity  we  see  how  purely  physical 
processes  determine  the  rigidity  of  plants.  These  PHYSICAL  processes 
are,  however,  dependent  upon  the  vital  functions  of  plants,  inasmuch 
as  they  can  only  be  called  into  action  by  living  jirotoplasm.  Living 
plant  cells  have  thus  power  to  regulate  the  physical  effects  of  osmotic 
pressure  by  increasing  or  diminishing,  or  even  suddenly  overcoming 
their  turgidity  (c/.  Movements  of  Irritability,  p.  269).  It  will  also  be 
apparent,  in  considering  the  operation  of  otlier  physical  forces,  that 
the  primary  and  essential  result  of  the  vital  action  is  to  give  rise  to 
the  operation  of  physical  processes,  to  favour,  constrain,  or  vary  them 
in  such  a  way  that  they  become  of  service  to  plant  life. 

Tension    of  Tissues. — The   rigidity    of   parenchymatous   tissue. 


>.jt>ogIc 


although  to  a  large  extent  dependent  upon  the  tension  arising  from  the 
turgidity  of  its  individual  cells,  is  nevertheless  considerably  enhanced 
by  the  opposing  pressure  between  the  inner  aii^  outer  tissue  systems, 
in  particular,  between  the  pith  and  the  epidermal  and  cortical  tissues. 
The  pith  in  this  case  represents  the  cell  sap,  as  it  is  continually 
striving  to  increase  Its  volnme  ;  the  epidermal  and  cortical  layers,  on 
the  other  hand,  by  the  pressure  of  the  internal  pith  cylinders,  are 
stretched  and  distended,  just  as  are  the  cell  walls  by  the  osmotic  pres- 
sure of  the  cell  sap.  The  tension  thus  arising  from  the  mutual  resist- 
ance of  ditferent  tissue  systems  acts  upon  the  various  plant  organs 
like  the  turgidity  of  the  single  cells,  and  keeps  them  firm  and  rigid. 

The  tension  of  tissues  is  easily  demonstrated  by  removing  a  strip 
of  the  peripheral  tissue  from  a  piece  of  a  turgescent  stem  (of  a  Sun- 
flower, Jldiantktis,  for  example),  and  cutting  out  the  pith.  It  will  be 
found  that  the  outer  tissue  at  once  becomes  shorter,  and  the  pith 
longer  than  when  they  were  both  united  in  the  stem.  If  the  length 
of  the  stem  experimented  upon  was  50  cm.,  the  cortical  strip 
would  shrink  to  46  cm.,  and  the  pith  lengthen  to  55-GO  cm.  From 
this  experiment  it  will  be  seen  that  the  natural  length  of  a  stem 
represents  the  equilibrium  maintained  between  the  tendency  of  the 
pith  to  elongate  and  of  the  outer  tissues  to  contract.  The  cortical 
tissue  between  the  epidermis  and  the  pith  affords  a  transition  between 
the  two  extremes  of  tension,  the  inner  cell  layers  are  compressed  like 
the  pith,  and  the  outer  layers  stretched  like  the  epidermis.  "  The 
tension  of  tissues  is  also  demonstrated  by  the  fact  that  each  strip  of 
a  fresh  shoot  which  has  been  split  longitudinally  will  curve  outward, 
so  that  the  pith  forms  tiie  convex,  the  epidermis  the  concave  side. 

There  is  often  a  great  (Jiffpreuce  in  tension  even  between  tbe  outer  and  inner 
layers  of  the  tissne  of  hollow  orgaus,  aiirh  an  tiie  stalks  of  a  Dandelion  (T'oriMncitHi 
itgieinalr),  which,  when  split  longitudinally,  curl  into  lielicea  of  many  turns, 
F»{iecially  ifjilacod  in  water.  A  tension  exists  wherever  resistant  and  unequally 
strained  tissues  are  in  contact,  and  olten  occurs  in  parts  of  plants  where  it  does  not 
assist,  as  in  the  loaves  and  stems,  in  niaiDtaining  the  rigidity  of  the  plant  body. 
Longitudinal  and  tran.sverse  teuHioDS  occur,  [larticularly  wlien,  through  secondary 
growth,  newly  formed  growing  tinsues  have  to  overcome  tbe  resistance  of  other 
tissues.  In  this  way  the  primary  and  then  the  secondary  cortex  of  trees  become 
greatly  strelclied  by  the  new  canibial  growth,  so  much  so,  that  if  a,  ring  of  bark 
lie  removed  from  a  stem  and  then  placed  roimd  it,  its  e<lges  cannot  be  brought 
together  again,  even  by  the  expenditure  of  considerable  force,  on  account  of  the 
tangential  voutroction  which  has  taken  place. 

In  the  nieriatematic  tissues  of  growing  points  there  is  scarcely  any 
perceptible  tension,  while,  on  the  other  hand,  in  regions  which  are  in 
a  state  of  elongation  the  tension  of  the  tissues  attains  its  highest  limit. 
After  an  organ  has  completed  its  growth  the  elasticity  of  the  cell  walls 
and  the  turgescence  of  the  cells  decrease ;  and  the  tension  of  the 
tissups  is  therefore  also  diminished.    The  requisite  rigidity  is,  however. 
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provided  for  by  special  groups  of  cells  with  thickened  and  hardened 
walls,  which  thus  constitute  a  firm  framework  for  the  other  tissues 
similar  to  the  bony  skeleton  of  the  higher  animals. 

Hfiohanical  Tissues  (Stereome). — The  supporting  framework  of 
plants  is  provided  hy  the  thick-walled  elements  of  the  wood,  the 
thickened  sclerenchymatous  fibres  of  the  fundamental  tissue  and  the 
bast,  and  more  rarely  by  groups  of  stone-cells.  The  resistance  which 
these  forms  of  tissue  offer  when  the  attempt  is  made  to  cut  or  break 
them  aJTords  sufficient  evidence  of  their  hardness,  tenacity,  and  rigidity. 
Moreover,  Schwendener  has  been  able  to  determine  their  meclianical 
value  by  means  of  exact  physical  experiments  and  investiga- 
tions. According  to  such  estimates,  the  sustaining  strength  of 
sclerenchymatous  fibres  is,  in  general,  equal  to  the  best  wrough^i^on 
or  hammered  steel,  while  at  the  same  time  their  ductility  is  ten  or 
fifteen  times  as  great  as  that  of  iron.  Just  as  the  mechanical  tissues 
of  the  internal  framework  of  plants  exhibit  the  physical  properties 
most  essential  for  their  purpose,  their  arrangement,  as  SchwendeN'er 
showed,  will  also  be  found  equally  well  adapted  to  the  various  ends  in 
view,  according  as  they  may  be  requiretl  to  withstand  the  strain  of 
flexure,  traction,  or  pressure.  To  withstand  bending,  and  to  olfer  the 
utmost  possible  resistance  to  it,  a  peripheral  disposition  of  the  rigid 
mechanical  tissue  is  the  most  favourable. 

When  a  straight  rod  (Fig.  168)  is  bent,  the  convex  side  elongates 
and  the  concave  aide  contracts,  that  is,  the 
outer  edges  (it,  a  and  a',  a')  are  exposed  to 
the  greatest  variations  in  length,  while, 
nearer  the  centre  (i,  i  and  i',  i')  the  deflec- 
tion nnd  consequent  variations  in  length 
are  less.  Accordingly,  if  the  supporting 
skeleton  of  a  plant  stem  be  placed  near 
the  centre  (i,  t'),  then  a  considerable  degree 
of  curvature  is  possible  with  but  little 
flexure  of  the  mechanical  tissue.  Nearer 
the  periphery  it  would  be  subject  to 
greater  strain,  and  so  offer  a  greater  re-  , 
sistance  to  the  deflecting  force.  In  erect 
stems'and  flower-stalks,  where  rigidity  is 
an  essential  requirement,  the  mechanical 
tissue  is  situated  at  the  periphery,  and 
often  takes  the  form  of  projecting  ridges 
(Fig.  169,  1,  2).  In  roots,  and  in  many 
rhiitomes  and  stolons,  as  tliey  must  push 
circuitously  between  impeding  obstacles, 
the  skeleton  system  is  central,  as  by  this 
arrangement  it  is  subject  to  less  deflection,  and  can  more  effectually 
sustain  strains  upion  its  longitudinal  elasticity  (fig.  160,  4).     Fig.  169,  3 
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represents  a  transverse  section  through  a  hand-like  leaf  of  PhoTmimii 
teniix,  the  New  Zealand  flax,  which  may  reach  a  length  of  two  metres; 
it  illustrates  how  bucIi  a  leaf  is  strengthened  bj'  sclerenchyraatous 


Fid.  IKI.— DisiKHlllDD  or  inerhmilnl  Iliuiue  lu  ii«iire  rl){ltllty.  Traiuvenw  sKti'HiB,  l.oTit  yooTit:  . 
■hootof-liciBlkiirHi:  2,  otOiri  aunt  sbvA  at  £rsiig!«m;  S.  <>f  Hlnr  of  /'ftiinuimn  triuu  ;  -I,  of  a 
root;  F,  collenctayinii ;  is  nclermchyniB  tiinctionSiig  Ki  iimliuiinl  tiitsue  (deeply  uliadttl);  g. 
green,  anil  w,  ciilinirleM  leirpBreiicliymii;  »,  hjpgilerni*. 

plates  and  strands.     The  mechanical  elements  of  this  leaf  aiford  the 
strongest  English  ships'  cables. 

Where,  however,  pressure  must  be  guarded  against  (as  in  Plum- 
stones,  and  in  Hazel  and  Walnuts),  the 

A  J    mechanical   resistance  is  maintained   by 

^^^^^^^■^^■^^"™"  an  arching  mass  of  sclerotic  cells,  which, 
like  scierenchymatous  fibres,  are  often 
further  strengthened  bj'  deposits  of 
mineral  matter. 

Stems  of  trees  which  have  to  support 
heavy  and  frequently  large  crowns,  must, 
like  pillars,  be  constructed  to  withstand 
,   pressure  and  bending. 
J  Ail  such  heavily  thickened,  inflexible 

'  skeletal  elements  liave  lost  their  capacity 
[  for  growth,  'and  cannot,  therefore,  be 
I  utilised  in  those  part«  of  plants  which 
avsiiabLe,  bnt  in  the  fowed  orjoiii  /J  ^^^g  j^  ^j^  actively  growing  state.  In 
nrgBii  the  fhicknaw /I".  such  cascs  where  greater  rigidity,  is  re- 

ipiired  than  can  be  maintained  by  cell 
tnrgidity  and  tissue  tension,  it  is  secured  by  the  development  of 
COLLENriiYMA  (p.  78).  Tliis  tissue,  according  to  Ambronn's  re- 
searches, in  addition  to  its  extreme  resistance  to  tearing,  possesses  the 
power  of  elongating  under  the  influence  of  the  force  of  growth.     The 
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more  capable  it  is  of  growth  the  more  it  res[)onds  to  the  growth  in  itB 
neighbourhood.  It  forms,  so  to  speak,  the  cartilaginous  tissi'K  of 
plants.  In  many  organs,  ae  for  example  in  leaf-stnll^,  collenchyma  is 
the  permanent  strengthening  tissue. 

Since,  as  has  already  been  pointed  out,  the  resistance  of  the 
mechanical  elements  to  flexure  is  greater  the  farther  they  are  removed 
from  the  centre  of  an  oi^an,  it  will  be  readily  seen  that,  while  a 
flattened,  outspread  organ  can  be  easily  bent,  if  it  were  folded  or  rolled 
together,  its  power  of  resisting  a  deflecting  force  would  be  increased. 
In  accordance  with  this  principle  many  leaves  become  plaited  or  rolled 
(Fig.  170),  and  so  acquire  a  sufiicieiit  rigidity  without  the  assistance  of 
any  specialty  developed  mechanical  tissues. 


11.  Nutrition 

By  nutrition  are  understood  all  the  processes  of  METABOLISM,  or 
the  chemical  transformation  and  conversion  of  matter  carried  on 
hy  plants  in  the  production  and  appropriation  of  their  food-supply. 
Witliout  nourishment  and  without  now  building  material  no  growth 
or  development  is  possible.  As  the  processes  of  elaboration  and 
secretion  are  continuous,  if  the  food-supply  is  not  kept  equal  to  the 
demands  made  upon  it,  the  death  of  the  organism  from  starva- 
tion must  ensue,  while  a  continuance  of  its  growth  and  further 
development  is  only  possible  when  there  is  a  surplus  of  the  elaborated 
food  material. 

Tlie  Constituents  of  the  Plant  Body. — By  means  of  chemical 
analysis  the  constituent  substances  of  plants  have  been  accurately 
ascertained.  It  requires,  however,  no  analysis  to  realise  that  a  part, 
often  indeed  the  greater  part,  of  the  weight  of  a  plant  is  derived  from 
the  water  with  which  the  whole  plant  is  permeated.  Water  not  only 
fills  the  cavities  of  living,  fully-develoiied  cells,  but  it  is  also  present  in  . 
the  protoplasm,  cell  walls,  and  starch  grains.  By  drying  at  a  tempera- 
ture of  110'-120°  C.  all  water  may  be  expelled  from  vegetable  tissues, 
and  the  solid  matter  of  the  })knt  will  alone  remain.  Tiie  amount  of 
dried  substance  in  plants  varies  according  to  the  nature  and  variety  of 
the  plant  and  of  the  particular  organ.  In  woody  parts  it  constitutes 
up  to  50  per  cent  of  their  weight,  but  in  herbaceous  plants  amounts 
to  only  20  or  30  per  cent  In  more  succulent  plants  and  fruits  it 
makes  up  only  5-15  per  cent  of  their  total  weight;  in  water-plants 
and  Algae,  2-5  per  cent,  while  everything  else  is  water. 

The  dried  substance  of  plants  is  combustible,  and  consists  of 
oi^anic  compounds,  which  contain  biit  little  oxygen,  and  are  converted 
by  combustion  into  simple  inorganic  compounds,  for  the  most  part 
into  carbonic  acid  aTid  water.  The  elements  carbos,  HYDROuen,  and 
OXYGEN  form  the  chief  constituents  of  the  combustible  dried  substance. 
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Next  to  them  in  quantity  is  nitrogen,  which  is  derived  principally  from 
the  protoplasm.  After  combustion  of  the  dried  substance  of  plants 
there  always  retains  an  incombustible  residue,  the  ASH,  consisting  of 
the  mineral  substances  contained  in  the  plant.  As  these  mineral 
substances  undergo  transformation  during  the  process  of  combustion, 
they  are  found  in  the  ash  in  different  chemical  combinations  than  in 
living  plants.  From  numerous  analyses  made  of  the  aah  of  a  great 
variety  of  plants,  it  has  been  determined  that  nearly  all  the  elements, 
even  the  less  frequent,  are  present  in  plants. 

Id  addition  to  the  four  already  n&ined,  the  ulcuieDts  found  in  the  ash  nfiiUuts 
are  .siil)ibiir,  phosphorus,  chlorine,  iodine,  bromine,  fluorine,  selenium,  tellnrinni, 
arsenic,  antimonj,  sjlicoD,  tin,  titanium,  boron,  potassium,  sodium,  lithium, 
rubidium,  calcium,  strontium,  barium,  magnesium,  zinc,  copper,  silver,  tnereiiry, 
lead,  aluminium,  thallium,  chromium,  manganese,  iron,  vobalt,  and  uickel. 

Many  of  these  elements,  indeeil,  occur  only  occasionally  and  acci- 
dentally, while  others — sulphur,  phosphorus,  chlorine,  silicon,  potassium, 
sodium,  calcium,  magnesium,  and  iron — are  met  with  in  almost  every 
ash.  As  might  be  interred  from  the  irregular  occurreuce  of  many  of 
the  elements,  they  are  not  all  necessary  for  nutrition,  and  although 
their  occasional  presence  in  a  plant  may  sometimes  change  certain  of 
its  special  characteristics  (thus  the  presence  of  zinc  produces  the  so- 
called  calamine  varieties,  such  as,  for  example,  Tlilaspi  nljieslre  rar. 
aiUimininr,  Viola  luUii  tut.  cnlamiiiiina,  etc.),  they  do  not  exercise  a 
decisive  influence  upon  its  existence. 

The  Essential  Constituents  of  Plant  Food. — Chemical  analysis, 
while  enabling  us  to  determine  the  substances  present  in  plants,  does 
not  show  how  tar  they  are  essential  for  imti'ition.  From  culture 
expeiimenUi,  in  which  the  plants  are  grown  in  a  medium  of  which  the 
constituents  are  known,  and  kept  under  chemical  control,  it  has  been 
ascertained  that,  in  addition  to  carbon,  hydrogen,  oxygen,  and 
nitrogen,  which  form  the  principal  part  of  the  combustible  elements 
of  the  dry  substance  of  plants,  sulphur,  phosphorus,  potassium, 
calcium,  magnesium,  and  Iron  are  absolutely  indispensable  to  the 
growth  of  all  green  plants.  In  the  absence  of  even  a  single  one  of 
these  elements  no  normal  development  is  possil)le. 

Aceordiog  toMoi.lscH,  only  nineofthetii'  elements  are  reqiiiri'd  by  the  Fuhi/i,  It 
in  not,  however,  iron,  as  might  be  sup[>ose(l,  but  calcium,  that  is  unessential.  On 
the  otlier  han^,  the  ten  suhstinces  named  suffice  for  the  nutrition  of  most  greeu 
[ilants  ;  hut  it  is  not  to  be  denied  that  otTtain  other  substances  are  of  use  in  the 
plant  economy  and  of  advantage  to  growth,  although  not  indisponsahle.  Thus. 
for  exam]>le,  Buckwheat  flourishes  better  wiien  supplied  nith  a  chloride,  and  the 
presence  of  silica  is  advantageous  as  contributing  to  the  rigidity  of  the  tissues. 
It  has  also  been  discovered  that  by  the  presence  of  certain  substances,  in  them- 
si-lves  of  no  nutritive  value,  the  absorption  of  actual  nutritive  matter  is  increased 
(cf.  p.  175).      In  the  ease  even  of  tlie  very   imiaoiious  copper  salts,  e.v))erience 
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bos  taught  that  ulien  tlicj  are  brought  into  contact  nith  the  leaveH  (by  sprink- 
ling the  plants  with  solutiona  t«  prevent  the  irn'oads  af  in^i^'te),  thty  enetebe  a 
beuplii^ial  influence  on  the  fomiation  of  chlorophyll,  *and  increase  afsimilation, 
traDBpiration,  and  the  lungth  of  lire. 

The  nutritive  substances  are,  nuturally,  not  takea  uji  by  plants  as 
elements,  but  in  the  form  of  chemical  compounds.  CAimoN,  the 
essential  component  of  all  organic  substances,  is  obtained  by  all  green 
plants  solely  from  the  carbonic  acid  of  the  atmosphere,  and  is  taken 
up  by  the  green  leaves.  All  the  other  constituents  of  the  food  of 
plants  are  drawn  from  the  soil  by  the  roots.  Hydrogen,  together  with 
Oxygen,  is  obtained  from  water,  although  the  oxygen  ia  derived  also 
from  tlie  atmosphere  and  from  many  salts  and  oxides.  NlTROGKX  is 
taken  up  by  the  higher  plants  only  in  the  form  of  nitrates  or  ammonium 
salts.  As  the  amij^nia  of  the  soil  formed  by  the  soil  bacteria  from 
organic  decaying  matter  is  transformed  by  the  help  of  other  so- 
called  nitrifying  bacteria  into  nitrites,  and  eventually  into  nitrates, 
only  the  nitrogei»  combined  in  the  nitrates  need  be  taken  into 
consideration.  ^, 

Bacteria,  as  coatrastcd  with  the  higher  plants,  are  |>articularly  characterised  by 
their  attitude  towards  nitrogen.  lu  addition  to  the  bacteria,  which,  by  their 
nitrifying  capabiUty,  are  of  service  to  green  plants,  there  are  other  soil  bacteria 
which  set  free  tlie  nitrogen  of  nitrogenous  coni^iuuiids  and  thua  render  it  unservice- 
able for  the  nutrition  of  green  plants.  On  the  other  hand,  otlier  Torms  of  bacteria 
convert  the  free  nitrogen  of  the  air  into  compounds  (anildes  ?)  which  serve 
not  only  for  themselves,  but  also  for  the  higher  plants  as  convenient  nitrogenous 
food  material.  Thia  remarkable  nitrifying  power  of  bacteria  has  led  to  a  life 
partnership  (svu  Kins  in)  between  them  and  some  of  the  higher  plants  (/.e^uiiiiuo^ac). 
In  such  symbiotic  rcUtiong  the  bacteria  provide  the  higher  plants  with  nitrogen  in 
a  form  in  which  it  may  be  assimilated,  while,  in  turn,  they  are  supplied  with  the 
carbon  compounds  essential  for  their  nutrition  {cf.  p.  211  and  Ftg,  ISti). 

SCLPHURand  PHOSPHORUS  form,  Ukenitrogen,  important  constituents 
of  protoplasm.  jiU  proteid  substances  contain  sulphur.  The  sulphur 
ia  taken  into  plants  in  the  form  of  sulphates ;  phosphorus  in  the  form 
of  phosphates.  Potassium,  unlike  sodium,  is  essential  to  plant  life,  and 
ia  presumably  active  in  the  processes  of  assimilation  and  in  the  forma- 
tion of  protoplasm  ;  it  is  introduced  into  plants  in  the  form  of  salts, 
and  constitutes  3-d  per  cent  of  the  weight  of  tlieir  dried  substance. 
Magnesium,  like  potassium,  participating  in  the  most  important 
synthetic  processes  of  plants,  is  found  in  combination  with  various 
acids,  particularly  in  reservoirs  of  reserve  material  (in  seeds  to  the 
extent  of  2  per  cent)  and  in  growing  points  {in  leaves  only  i  per  cent). 
Calcium  also  is  taken  up  in  the  form  of  one  of  its  abundant  salts,  and 
in  considerable  quantities  (3-8  per  cent).  Calcium  plays  an  im- 
portant part  in  the  metabolic  processes  of  plants,  not  indeed  as  an 
actual  constituent  of  protoplasm,  but  as  a  vehicle  for  certain  other 
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essential  substances,  and,  through  its  capacity  to  form  compouDdB,  as  a 

nutans  of  fixing  and  renderinj;  harmless  hurtful  by-products.     Iron, 

although  of  the  greatest  importance  in 

the  formation  of  chlorophyll,  is  present 

in  plants  only  in  small  quantities. 

In  order  to  determine  the  nutritive 
value  of  different  substances  the  method 
of  WATEit-cuLTURK  has  proved  particu- 
larly useful  (Fig.  171).  In  these  culture 
experiments  the  plants,  grown  either 
directly  from  the  seed  or  from  cuttings, 
are  cultivated  in  distilled  water  to 
which  have  been  added  certain  nutritive 
salts.  If  all  the  essciitial  nutritive  salts 
are  present  in  th*  culture  solution, 
even  larger  plants,  such  as  Indian  Com, 
Beans,  etc.,  will  gi'ow  to  full  strength 
and  mature  seeds  as  well  as  if  grown  in 
earth.  Ic  Is  not  necessary  in  these  ex- 
periments to  provide  carbon  compounds 
in  the  nutrient  solution,  as  plants  do 
not  derive  their  carbon  supply  through 
their  roots,  but,  with  the  help  of  their 
leaves,  from  the  carbonic  acid  of  the 
atmosphere. 

The  joung  plants  would  grow  for  a 
time  just  as  well  in  pure  distilled  water 
as  in  the  nutrient  solution  ;  but  as  the 
supply   of  nourishment  stored    in    the 
seeds   became   exhausted,  they   would 
gradually  cease  to  grow,  and  die.      If 
one    of    the    essential    constituents    of 
Fm,  i7i.-Wat«-<iiUumi  nf  FngofitrHm  pj^^t  f^Q^  ]^g  omitted  from  the  nutrient 
^"wni'.wi«WMi'im"//™i"rri«'t  solution,    although    the    young    plants 
sniutioii  wftiiuiit  inuxiuiii.   (Afipr  would   grow  better   than    in   the   dis- 
soiiBE,rfiiucwi.)  tilled  water,   they   would   in   time  be- 

come abnormally  develojied.  When,  for  example,  a  plant  is  grown 
in  a  nutrient  solution  containing  all  the  essential  food  elements 
except  iron,  the  new  leaves  developed  are  no  longer  green,  but  are  of  a 
pale  yellow  colour;  thej'  are  " chlorotic,"  and  not  in  a  condition  to 
decompose  tlie  carbonic  acid  of  the  atmosphere  and  nourish  the  plant 
UpoQ  the  addition,  however,  of  a  mere  trace  of  iron  to  the  solution  the 
clilorotic  leaves  in  a  very  short  time  acquire  their  normal  green  colour. 

slll>Ht)lllce!^  are  provided^  tlie  form  in  tvhicli 
as  tlie  iiro])ortiouatv  strengtli  of  tlie 
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solutioD  (if  Dot  too  coacentnit«d),  may  vary.  Pisuts  )iiive  the  poner  tu  take  up 
these  substances  in  very  different  combinations,  ami  are  able  to  absorb  tlicm  in 
other  proportions  than  thoiie  in  uhicb  tbey  occur  in  the  soil.  In  couceatrated 
nutrieDt  solutiona  the  absorjition  of  water  is  increased  ;  conversely,  in  very  dilute 
solncions  it  is  the  salta  tbat  arc  chiefly  taken  up.  The  presence  also  of  certain 
subatancea  ofteu  exerts  au  active  and  generally  beneficial  induenco  U[ion  the 
capacity  for  absorbing  other  substances :  thus,  calcium  salts  increase  the  absorp- 
tiou  of  potassium  and  ammonium  salts.  The  following  are  the  proportions  of  one 
auiung  the  many  nutrient  solutions  recommended  : 

Distilled  water 1000  to  1500  grams. 

Potassium  nitrate       .....  I'D      „ 

Magnesium  siilpbate 03       „ 

Calciimi  sulphate 0'5      ,, 

Calcium  or  potassinm  phosphate  .  0'5      ,, 

To  this  solution  a  trace  of  some  iron  salts  should  be  added. 

The  solution  should  be  kept  iu  the  dark  to  prevent  the  development  of  ulgoid 
growths,  and  occasionally  aerated  ijuring  the  culture  ex[ieriment. 

As  a  most  iinjrortant  result  of  such  culture  experiments,  it  has 
been  demonstrated  that  only  the  ten  elements  a!reiidy  named  are 
necessary  for  the  growth  of  plants ;  all  other  elements,  although 
present  in  plants  in  large  quantities,  are  of  subordinate  value  to  plant 
life.  This  is  true,  for  instance,  of  sodium,  which  in  combination  with 
fHLORiNK  actually  predominates  in  some  plants,  and  occasions  the 
characteristic  development  of  many  of  the  succulent  salt-plants;  and 
also  of  siLtcON,  which,  as  silica,  is  so  abundantly  deposited  in  the  cell 
walls  of  many  plants — Eiimsdiu-eiir,  Grasses,  Sedges,  Diatoms  (in  the  ash 
of  Wheat-straw  70  per  cent,  and  of  Equisetaceae  70-97  per  cent) — 
that,  after  combustion  of  their  organic  substances,  it  remains  as  a  firm 
siliceous  skeleton,  preserving  the  structure  of  the  cell  walla.  The 
hardness  and  firmness  of  the  cell  walls  are  so  greatly  increased  by 
these  siliceous  deposits  that  some  of  the  Eqitisetiiceue  are  even  used  for 
polishing  and  scouring ;  while  the  margins  of  grass  blades,  from  a 
similar  deposition  of  silica  in  their  cell  walls,  are  often  rendered  sharp 
and  cutting.  The  silicified  cell  walls  of  Diatoms  occur  as  fossils,  and 
form  deposits  of  SILICKOUS  earth  (Kieselguhr)  in  some  geological  for- 
mations. The  value  of  the  siliceous  concretions,  termed  "Tabasheer," 
that  are  found  within  the  joints  of  Bamboo  has  not,  as  yet,  been 
satisfactorily  explained.  Aluminium,  although  like  silica  everj-where 
present  in  the  soil,  is  only  in  exceptional  instances  taken  up  by  plants. 
.Aluminium  has  been  detected  in  the  ash  of  Lycopodiaceons  plants; 
Lyci'podium  complamitum  contains  a  sufficient  quantity  of  acetate  of 
aluminium  to  render  the  sap  useful  as  a  mordant.  The  same  salt  is 
found  also  in  Grapes.  On  the  other  hand,  although  scarcely  a  trace  of 
iodine  can  be  detected  by  an  analysis  of  sea-water,  it  is  found,  neverthe- 
less, in  large  quantities  in  sea-weeds,  so  much  so  that  at  one  time 
they  formed  the  principal  source  of  this  substance. 
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It  was  firat  asserted  by  C.  Spkengel,  and  afterwards  emphasised 
by  LlEBiG,  that  the  mineral  salts  contained  id  plants,  and  once  sup- 
posed to  be  products  of  the  vital  processes  of  the  plants  themselves, 
were  essential  conatituenta  of  plant  food.  Conclusive  proof  of  this 
important  fact  was,  however,  first  obtained  by  the  investigations  of 

WiEGMANN  and  POLSTORFF. 

The  actual  proportioua  of  the  more  important  ash  constituciitB  of  Eame  irell- 
known  plants  can  bo  seen  from  tlie  following  table  of  ash  analysis  by  Wolff.  The 
table  also  shows  exactly  what  demands  those  plants  make  ujKin  the  soil,  that  ii, 
what  substance  they  take  away  from  it,  in  addition  to  the  nitrates  which  do 
not  appear  in  the  ash. 

The  great  diiference  brought  out  by  the  table  in  the  proportions  of  the  more 
important  phosphoric  acid  and  of  the  Usa  essential  silica  and  lime  contained  in  Bye 
and  Pea  seed't,  ns  com|>ared  with  the  amounts  of  the  same  substauces  in  the  straw, 
is  worthy  of  especial  notice. 


A,hln 

100  E^rtaorasbfontaln 

Planu. 

JlOOlmrtao 
dryBolLd 

K-0 

SajOJCO    MgO  FejOj 

Mn^JPjOs 

aos 

Bia,l  ci 

Rl*<B«lu> 

i-M 

82-10 

wi^Tw  n-*.!  i-u 

..      47-74 

TaT 

1-37 

0-4S 

Rjrelwravf)       . 

,22-M 

1-74    s-w    3-io|  i-si 

4a'f7 

Fen  fxeeds)       . 

tS-10 

v.    lU-M 

WM 

4-07 'W82     8  04      l-7i 

..    1    8i» 

a-M 

Polalo  (tubera)' 

none 

3-M 

Onpe  (rmit)     . 

S-62 

2 -75 

l-5-> 

T«.(l«iv..»)      . 

34-30 

10-si  i4-as|  0-01 

;-os 

Coffee  (1>MU.)  . 

O-M 

s-so 

Ti.biicco  (Ipavwi 

IM 

Cotton  (nbro)  . 

'h-vi 

la-irtjir-ss    s-_s8 

0-M 

Spnicfl  (ii-ood)  . 

a-il 

13-96     K-42 

a-64 

2-:b 

0-O7 

Planta  which  require  a  large  amount  of  potassium,  such  as  the  Potato,  Grap«> 
vine,  and  CoHee-trec,  are  termed  potash  plants. 

In  the  preceding  table  the  figures , do  not  express  absolutely  constant  propor- 
tions, as  the  )>erceutage  of  the  constituents  of  the  ash  of  plants  varies  according  to 
the  character  of  the  soil ;  thus,  the  proportion  of  potassium  in  Clover  varies  from 
9  to  SO  per  cent ;  the  pro^iortiou  of  calcium  in  Oats  from  4  to  38  per  cent. 

Tbe  Process  of  Absorption. — As  all  matter  taken  up  by  phnnts 
must,  as  a  rule,  pass  through  continuous  cell  walla,  it  must  be  absorbed 
in  a  liquid  or  gaseous  state.  Tbe  only  exception  to  this  rule  occurs  in 
the  amieboid  forms  of  the  lower  plants  (Amoebae  and  Plasmodia), 
which,  as  they  have  no  cell  walla,  are  in  a  condition  to  take  up  and 
again  extrude  solid  matter  (small  animals,  living  or  dead,  also  plants 
and  particles  of  inorganic  substances). 

The  fact  that  plant  cells  are  completely  enclosed  by  continuous 

walls  renders  it  necessary  that  food,  to  pass  into  the  cell,  must  b« 

either  liquid  or  gaseous.     In  this  condition  the  constituents  of  plant 

.  food  are,  however,  imperceptible,  and  thus  the  manner  of  plant  nutrition 

remained   for  a  long  time   a  myatery,  and  it  was  only  during    the 
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Ust  century  that  the  nature  of  the  nouriBhment  and  nutritive  processes 
of  plants  was  recognised. 

Plant  nourishment  is  dependent  upon  the  permeability  of  the  cell 
walls  to  liquids  and  gases.  Although  impervious  to  solids,  the  cell 
walls  of  living  cells  are  permeated  with  "  imbibed  "  water ;  and  to  this 
"  IMBIBITION  WATBK  "  in  the  cell  walls,  together  with  the  physical  char- 
acter of  the  cell  walls  themselves,  are  due  their  flexibility,  elasticity,  and 
ductility.  The  permeability  of  cell  walls  for  imbibition  water  is  only 
possible  within  certain  limits,  so  that  they  thus  retain  the  character 
of  solid  bodies. 

Treated  with  certain  chemical  reagents  (^tassium  hydrate,  Bulphnric  acid, 
etc.)  cell  walls  become  awollen  and  gelatinoua,  or  even  dissolve  into  b  thiu 
mocilaginDUB  slime.  This  change  in  tlieir  character  is  due  to  an  increase  in  the 
■mount  of  their  imbibition  water,  induced  by  the  action  of  the  cbemicaU  ;  other- 
wise, the  water  imbibed  by  ordinary  cell  walls  ia  limited  in  amounL  The  walls 
of  wood;  cells  take  up  bj  imbibition  about  one- third  of  their  weight ;  the  cell  walls 
of  some  seeds  and  Irtiits  and  of  many  Algae  absorb  many  times  their  own  volnme. 

The  cell  walls  aru  not  only  permeable  to  puiie  water,  ■' 
But  ALSO  JEQ_  SUBSTANCES  IN  solutTon.  This  fftct.  that  the  cell  wall  ' 
oETers  no  resistance  lo  the  diltueion  of  crystalloid  bodies  when  in 
solution,  is  of  the  utmost  importance  to  plant  nutrition ;  cell  walls, 
OD  the  other  hand,  which  are  sciircely  or  not  at  all  permeable  to 
liquids  (cuticularised  walls),  take  no  part  in  the  absorption  of  plant 
nourishment,  except  in  so  far  as  they  may  still  be  permeable  to  gases. 
In  order  that  liquids  may  enter  by  osmosis  into  the  living  cell,  they 
must  first  pass  through  the  protoplasm,  i.e.  the  lining  of  the  cell  wall. 
Living  protoplasm  is  not,  however,  like  the  cell  walls,  equally  per- 
meable to  all  substances  in  solution,  but,  on  the  contrary,  completely 

EXCLPDES   CERTAIV    airm^TANCKS.   WHILE    ALLOWING    nTHKRK   Tfi   JJJIH 

THROUGH  MORE  OR  LESS  READILY.  Moreover,  it  is  able  to  change 
it«  permeability  according  to  circumstances,  and  thus  the   outer 

protoplasmic    membrane    HAS    THE    POWER    OF    DECISION,  whether  a 

substance  may  or  may  not  effect  an  entrance  into  the  cell.  Similarly 
the  INNER  pf-jT-^p' ■'^^''f;  »ipm)<mvv  f-rart^'i^a  a  aimi]^  but  often 
quite  distinct  power  over  the  passage  of  substances  from  the  proto- 
plasm into  the  cell  sap.  The  same  determinating  power  is  exercised 
by  these  membranes  in  the  transfer  of  subfitancea  in  a  reverse  direction. 
On  account  of  the  selection  thus  exercised  by  the  protoplasm,  it  is 
possible  that,  in  spite  of  continued  osmotic  pressure,  the  contents  of  a 
cell  are  often  of  quite  a  different  chemical  nature  from  the  immediately 
surrounding  medium.  To  this  same  peculiar  quality  of  the  proto- 
plasmic membranes  is  also  due  the  selective  POWER  of  cells,  manifested 
by  the  fact  that  different  cells,  or  the  roots  of  different  plants, 
appropriate  from  tlie  same  soil  entirely  different  compounds ;  so 
that,   for    instance,  one    plant   will    take    up    chieHy    silica,   another 
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lime,  a  third  common  salt,  while  the  aluminium,  on  the  other  hand, 
is  rejected  alike  by  all  three.  The  action  of  Bea-weeds  in  this 
respect  is  even  more  remarkable ;  living  in  a  medium  containing  3 
per  cent  of  common  salt,  and  but  little  potassium  salts,  tbey  nevertheless 
accumulate  much  larger  quantities  of  potassium  than  sodium.  Id 
addition  they  store  up  phosphates,  nitrates,  and  iodine, — substances 
which  are  all  present  in  sea-water  in  such  small  quantities  as  scarcely 
to  be  detected  by  chemical  analysis. 

That  osmosis  may  continue  from  cell  to  cell,  it  is  essential  that 
the  absorbed  material  must  become  transformed  into  something  else, 
either  by  the  activity  of  the  protoplasm  or  by  some  other  means. 
Local  accumnlatious  of  sugar  or  other  soluble  reserve  material  in 
fruits,  seeds,  bulbs,  and  tubers  would  otherwise  not  be  possible ;  for 
osmotic  action,  if  undisturbed,  must  in  the  end  lead  to  the  uniform 
distribution  of  the  diffusibie  sulistances  equally  throughout  all  the 
cells.  But  if  equilibrium  is  prevented  by  the  transformation  of  the 
diffusible  substances  into  others  that  are  indlffusible,  the  osmotic 
currents  towards  the  transforming  cells  will  continue,  and  the  altered 
and  no  longer  diffusible  substances  will  be  accumulated  in  them.  In 
this  manner  glucose  passing  into  the  cells  of  tubers  or  seeds  becomes 
converted  into  starch.  As  a  result  of  this  a  constant  movement  of 
new  glucose  is  maintained  towards  these  cells,  which  thus  become 
reservoirs  of  accumulated  reserve  material. 

From  the  power  of  protoplasm  to  regulate  osmotic  currents,  in  that 
by  reason  of  its  jMvmeability  it  allows  the  osmotic  forces  to  operate, 
or,  on  the  other  hand,  may  modify  and  altogetlier  prevent  them,  it  is 
apparent  that  here  also,  just  as  in  tbe  case  of  the  rigidity  of  plants, 
osmosis,  although  a  purely  physical  phenomenon,  is  controlled  by  the 
protoplasm  and  rendered  serviceable  to  plant  life. 


Water  and  Htneral  Substances 

The  fact  that  water  is  essential  to  the  life  of  all  living  organisms  is 
so  obvious  that,  in  the  infancy  of  natural  history  and  philosophy,  from 
Thales  to  EupEDocLES,  water  was  regarded  as  the  original  principle 
of  all  existence,  at  least  of  the  organic  world.  Even  so  late  as  the  six- 
teenth century  it  was  held  by  Van  Helmont,  the  first  to  investigate 
experimentally  the  question  of  the  nutrition  of  plants,  thi^  the  whole 
substance  of  plants  was  formed  of  water.  If  the  importance  of  water 
in  this  respect  was  greatly  overrated,  the  universal  necessity  of  water 
for  all  vital  processes  is  still  recognised  in  the  present  more  advanced 
stage  of  scientific  knowledge.  Without  water  there  can  be  no  life. 
The  living  portions  of  all  organisms  are  permeated  with 
WATER ;  it  is  only  when  in  this  condition  that  their  vital  processes 
can  be  carried  on.     Protoplasm,  the  real  vehicle  of  life,  is,  when  living, 
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of  a  viscous,  thinly  fluid  conaiatcDcy,  and  when  freed  from  its  water 
either  dies  or  becomea  perfectly  inactive. 

The  circumatance  tbitt  protoplasm,  when  in  u  ataXe  of  iDoctivity,  u  iu  spores 
and  seeds,  can  often  endure  a  certain  degree  ofdeaiccatiun  for  a  limited  time,  forma 
111)  eiceptiou  to  this  rula.  During  such  periods  its  actual  vital  functions  eiitiralj 
cease,  and  only  renew  their  activity  when  water  is  again  supplied. 

In  niost  plants  desiccation  ooc^ious  death,  and  it  is  alnaya  to  he  regardiid  as 
due  to  some  special  provision  or  exceptional  quality  when  entire  plants  or  their 
reproductive  bodies  can  be  again  brought  to  life  by  a  subsequent  supply  of  water. 
Thus,  for  example,  some  Algerian  species  of  Isoelfi,  and  the  Centra]  American 
Selagiiulla  lepidophylla,  can  withstand  droughts  of  many  months'  duration,  and 
on  the  first  rain  again  burst  into  life  and  rciictv  their  growth.  In  like  manner 
many  Mosses,  Liverworta,  Lichena,  and  Algae  growing  on  bare  rocks,  tree-trunks, 
etc.,  seem  able  to  sustain  long  seasons  of  drought  without  ii^nry.  Seeds  and 
spores,  after  separation  from  their  patent  plants,  remain  productive  for  a  long 
time;  seeds  of  J/tnwsa,  which  bad  been  kept  dry  for  over  sixty  years,  proved  as 
capable  of  germination  as  those  of  recent  growth.  A  simitar  vitality  was  shown  by 
uiDEs  spores  which  had  lain  in  a  herbarium  fifty  years.  The  oft«n -repeated  assertion 
ciinceming  the  germination  of  wheat  found  with  Egyptian  mummies  ("mummy- 
wheat  ")  has,  however,  been  shown  to  be  erroneous.  Many  seeds  lose  their  power 
of  germination  after  having  been  kept  dry  for  only  a  year  ;  others,  even  after  a  few 
days  ;  and  others  again,  as  the  seeds  of  tlie  willow,  cannot  endure  drying  at  all.  It 
must  not  be  forgotten  that  in  all  these  instances  a  certain  amount  of  hygroscopic 
water  is  retained  by  plants  even  when  tlie  air  is  quite  dry.  Over  the  salphuric 
acid  of  the  desiccator,  seeds  retain  for  weeks  6  per  cent  or  more  of  their  weight  of 
water.  The  withdrawal  of  this  hygroscopically  absorbed  water  kills  all  vegetable 
tissues  without  exception. 

Apart  from  permeating  and  energising  the  cells,  water  has  other 
and  more  varied  uaea  in  plant  life.  It  is  not  only  directly  indis- 
pensable for  the  solution  and  transportation  of  the  products  of 
metabolism,  but  also  indirectly,  in  that  its  elements,  hydrogen  and 
oxygen,  are  made  use  of  in  organic  compounds  in  plant  nutrition. 
Water  thus  used  (cf.  p.  200)  may  be  designated  CONSTITUTION  WATER. 
It  is  also  necessary  for  the  turgidity  and  consequent  rigidity  of  paren- 
chymatous cells  (p.  1 65) ;  it  is  of  use  in  the  process  of  the  growth  of 
plant  cells,  which  take  it  up  in  large  quantities,  and,  through  their 
consequent  expansion,  enlai^e  their  volume  with  but  little  expenditure 
of  organic  substance. 

A  further  and  still  more  important  service  which  water  performs 
for  plants  consists  in  the  conveyance  and  introduction  into  the 

PLANT  BODY  OF   THE    NITTRIENT  SUBSTANCES  OF  THE   SOIL.       AltllOUgh 

a  large  amount  of  water  is  retained  in  the  plant  body  (up  to  96  per 
cent  in  succulent  tissues)  for  the  maintenance  of  rigidity  and  enlarge- 
ment of  the  organs,  a  still  larger  quantity  of  the  water  taken  up  by 
the  roots  passes  through  the  plant  merely  as  a  medium  for  the  trans- 
port of  nourishment,  and  is  again  discharged  through  the  leaves  by 
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evaporation.  By  this  transpiration  from  the  aerial  part  of  plantts, 
the  water  passing  into  them  from  the  roots  escapes,  and  at  the  same 
time,  bj  preventing  saturation,  which  would  otherwise  be  produced, 
tends  to  maintain  a  continuous  upward  movement  of  the  water.  The 
current  of  water  thus  produced  is  accordingly  termed  the  transpira- 
tion CURRENT.  As  the  result  of  evaporation  only  water,  in  the  form 
of  vapour,  and  gases  can  escape  from  the  plant    As  the  watery  fluid 

AB.SOItBED  BY  THE  ROOTS  CONTAINS  SALTS,  OXIDES,  AND  OTHER  NON- 
VOLATILK  SUBSTANCl-a  IN  SOLUTION,  THE.SE  ON  KVAPOKATION  ARE  LEFT 
IN     THE     PLANT     AND     GRADUALLY     INCREASE     IN     QUANTITY.        This 

accumulation  of  mineral  salts  is  absolutely  necessary  for  the  plant,  for 
the  nutrient  water  talcen  up  by  the  roots  is  so  weak  in  mineral 
substances  (it  contains  but  little  more  solid  matter  than  good  drinking- 
water),  that  the  plant  would  otherwise  obtain  too  little  food  if  it  were 
only  able  to  take  up  as  much  water  as  it  could  retain  and  make 
use  of. 

All  those  contrivances  in  plants,  therefoue,  which  render 

POSSIBLE    OR    promote     EVAPORATION,     OPERATE      CHIEFLY      IN      THE 

SERVICE  OF  NUTRITION,  Were  transpiration  not  in  the  highest  degree 
useful  and  even  necessary  for  the  acquisition  of  mineral  substances, 
provision  would  certainly  have  been  made  by  plants  to  restrict  it 
within  the  smallest  possible  limits.  For  transpiration  increases  the 
amount  of  water  required  by  plants  disproportionally  to  their  powers 
of  absorption,  and  exposes  them,  moreover,  to  the  dsnger  of  perishing 
through  tlie  insuflficiency  of  tlieir  water-supply. 

Herbaceous  laud  pUnta  ovaporat*,  in  a  few  days,  according  lo  the  calculations 
of  Saihs,  more  tlian  their  own  b  eighl  of  water.  A  Tobacco  or  Sunflower  plant  will' 
lose  by  evaporation  ill  one  day  as  mucli  aa  a  litre  ot  water ;  and  it  baa  been 
eatimated  that  trees  lose  in  tlio  same  way  .'lO'lOO  litres  daily. 

In  spite  of  the  increased  danger  of  drying  up,  as  the  result  of 
evaporation,  special  provision  is  made  by  plants  for  facilitating  trans- 
piration (p.  188).  To  supply  the  increased  demands  for  water  thus 
produced  there  is  set  up  a  strong  current  of  water  containing  nutritive 
salts  in  solution,  which  passes  through  the  plants,  and  after  yielding  up 
its  solid  constituents,  escajies  in  the  form  of  invisible  aqueous  vapour. 
Thus  plants,  in  order  to  obtain  their  nutrient  substances,  proceed  in 
the  same  manner  as  the  smaller  animals  (Sponges,  Ascidians),  which 
draw  in  and  maintain  a  continual  flow  of  water  through  their  bodies, 
in  order  to  retain  as  food  the  nourishing  particles  suspended  in  it. 

The  Absorption  of  Water. — "  Water,"  as  here  used,  it  must 
always  be  remembered,  does  not  mean  chemically  pure  water,  but  rather 

a  DIU.TK  WATERY  SflLUTIfl:i_^F  Jl^ABIOUS  SUBSTANCES  IN  THE  ATMO- 
SPHEllF^JROM  THEJlliJyiBAtSALTS  OFTHE  EARTH,  AND  VltOMtniGANlC 

HUMUS.     In  this  connection  it  is  also  necesSaiy  lo  emphasise  tne  fact 

that     LIVING    PLANTS    DO     NOT    ABSORR    THIS    NUTRIENT    WATER    IS- 
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ACnvKLY  AND  INVOLUNTARILY,  a8  a  sponge,  but  through  the  peculiar 
selective  power  of  their  cells  (p.  177)  they  exercise  a  choice  from 
among  the  substances  available. 

The  simpler  and  less  highly  developed  plants,  which  are  but  slightly 
differentiate,  are  able  to  absorb  water  through  the  surface  of  their 
whole  body.  This  is  also  generally  true  of  all  submerged  aquatic  planU, 
even  of  the  Phanerogams.  Water-plants  which  obtain  their  nourish- 
ment in  this  way  often  either  poaseas  no  roots  (Utriciilaria,  Salvinid), 
or  their  roots  serve  merely  as  mechanical  hold-fasts.  With  plants 
living  on  dry  land  the  conditions  are  quite  different ;  their  stems 
and  leaves  develop  in  the  air,  and  they  are  restricted  to  Uie  water  held 
by  capillarity  in  the  soil.  In  order  to  obtain  this  water  in  sufficient 
quantities,  special  organs  are  necessary,  which  may  spread  themselves 
out  in  the  soil  in  their  search  for  water.  These  organs  must  absorb 
the  water  from  the  soil,  and  then  force  it  to  the  aerial  portions  of  the 
plant  This  office  is  performed  for  a  land  plant  by  its  root  system, 
which,  in  addition  to  providing  the  supply  of  water,  has  also  the  taak 
of  mechanically  sustaining  the  plant,  and  withstanding  all  influences 
which  could  lead  to  a  disturbance  of  equilibrium  by  loosening  the  hold 
of  the  plant  on  the  earth. 

Converaely,  loose  soil  is  iiitturally  bound  together  by  tbe  branching  roota  ;  and 
on  this  account  plants  have  an  economic  value  iu  holding  together  loose  earth, 
particularly  on  dykes  and  land  subject  to  inundation. 

If  the  development  of  the  root  system  of  a  germinating  Bean  or 
Oak  be  observed,  it  will  be  found  that  the  growing  root  of  the  embryo 
at  once  penetrates  the  soil  and  pushes  straight  downwards.  Lateral 
roots  are  then  given  off  from  the  main  axis,  and,  growing  either 
horizontally  or  diagonally  downwards,  penetrate  the  earth  in  the 
neighbourhood  of  the  primary  root  These  lateral  secondary  roots  in 
turn  develop  other  roots,  which  radiate  in  all  directions  from  them, 
and  so  occupy  and  utilise  the  entire  soil  at  their  disposal.  The 
branching  of  the  root  system  can  proceed  in  this  manner  until,  within 
the  whole  region  occupied  by  the  roots  of  a  large  plant,  there  is  not  a 
single  cubic  centimetre  of  earth  which  is  not  penetrated  and  exhausted 
by  them. 

All  plants  do  not  rorm  a  deep-groning  tap-root  like  that  of  the  Oak,  Silver  Fir, 
Beet,  Lucerne,  etc.  ;  some  confine  themselves  to  utilising  the  superRctal  layers  of 
the  soil  by  means  of  a  thickly -branched  lateral  root  system  (Pine,  Cereals).  The 
agriculturist  and  forester  must,  accordingly,  take  into  consideration  the  mode  of 
branching  and  ginnvth  of  the  roots  of  a  plant  just  aa  much  as  the  l^abit  of  )(rowth  of 
iU  aerial  portions.  Plants  which  make  use  of  different  layers  of  soil  may  be 
.  safely  cultivated  together  in  the  same  soil,  and  succeed  one  another  in  the  same 
ground.  For  aimilar  reasons,  in  setting  out  trees  along  the  borders  of  fields,  the 
deep-rooted  Elm  should  be  preferred  to  the  Poplar,  whose  roots  spread  out  near  the 
surface. 

Gaideners  are  in  the  habit  of  cutting  otf  the  tap-roots  for  the  sake  of  conveni- 
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ence  in  trauaplaiiting  or  for  jiot  culture,  and  also  to  force  a  more  yigarous  develop 
ment  of  the  lateral  roots. 

Desert  or  xeropliilous  [lUnts,  according  to  the  obaervBtious  of  Voleesb,  uaA 
out  deeply  peoetratiDg  roota,  which  only  branch  profusely  on  reaching  deptbi 
where  they  lind  water. 

In  order  to  secure  a  still  more  intimate  contact  with  the  particke 
of  the  soil,  there  are  produced  from 
the  surface  of  roots  email,  exceed- 
ingly numerous  and  fine,  cylindri- 
cal bodies,  which  penetrate  the 
smallest  interstices  of  the  soil,  and 
fasten  themselves  so  closely  to  its 
ri.i.i,i.--iii.u..n^..„.,r..M,.u.„.,mB  smallcBt  pftrtjcles  as  to  aeem  actu- 
pa  .ccso  so  .    *i:in»  ^j|^   grown   to   them    (Fig.  172). 

These  ultimate  branches  of  the  root  system, 
which  discover  the  very  smallest  quantity 
of  moisture,  and  seek  out  the  most  con- 
cealed crevices  in  their  search  for  nourish- 
ment, are  the  ROOT-HAIRS  (p.  95), — delicate 
tubular  outgrowths  of  the  epidermal  cells. 
Although  they  have  the  diameter  of  only 
a  medium  -  sized  cell,  and  appear  to  the 
naked  eye  as  fine,  scarcely  visible,  glistening 
lines,  they  often  attain  a  length  of  several 
millimetres  and  enormously  enlarge  the  ab- 
sorbing surface  of  their  parent  root  Accord- 
ing to  F.  ScHWARZ  the  epidermal  surface  of 
the  piliferoua  zone  of  the  roots  of  Pisum, 
which  has  230  root-hairs  to  the  square  milli- 
metre, is  thus  increased  twelvefold. 

The  root-hairs  do  not  cover  the  whole 
surface  of  roots,  not  even  in  the  youngest  roots, 
but  only  a  comparatively  small  zone,  a  short 
distance  above  the  growing  root-tip.  Soon  after 
they  have  attained  their  greatest  length,  and 
have  come  into  the  closest  contact  with  the 
earth  particles,  they  die  off.  New  root-hairs  are 
developed  to  supply  their  place,  so  that  a  zone 
of  root-hairs  is  thus  constantly  maintained  just 
above  the  root-tip ;  while  beyond  this  advancing 
zone  of  hairs  the  root  epidermis  becomes  again  i 
completely  divest«d  of  root-hairs  (Fig,  173). 
To  be  convinced  of  this  fact,  it  is  only  necessary 
to  carefully  pull  up  a  young  plantlet  growing  in 
a  loose  and  not  too  dry  soil,  as  anch  a  condition 
is  especially  favourable  for  the  development  of  root-hairs. 


Each  root, 
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jiut  above  the  tip,  will  be  found  clothed  for  a.  short  distance  with  earth 
particles  held  fast  by  root-hairs,  which  thus  mark  the  zone  occupied  by 
them.  The  older  parts  of  roots,  evea  in  plants  which  persist  for  many 
years,  take  uo  part  in  the  process  of  absorption.  They  envelop  tbem- 
selres  with  cork,  increase  their  conducting  elements  by  growth  in 
thickness,  and  function  exclusively  in  the  transfer  of  the  water 
absorbed  by  the  younger  portion  of  the  roots.  Even  m  the  young 
roots  the  absorption  seems  principally  confined  to  the  regions  covered 
with  root-hairs,  or,  in  case  no  root-hairs  are  developed,  to  a  correspond- 
ing zone  of  the  root  epidermis. 

Through  the  intimate  union  of  the  youngest  roots  with  the  soil, 
ttiey  are  able  to  withdraw  the  minute  quantity  of  water  still  adhering 
to  the  particles  of  earth,  even  after  it  appears  perfectly  dry  to  the  sight 
and  touch.  There  still  remains,  however,  a  certain  percentage  of 
wat«r,  held  fast  in  the  soil,  which  the  roots  are  not  able  to  absorb. 
Thus,  Sachs  found  that  the  water  left  by  a  Tobacco  plants  and  which 
it  could  not  absorb,  amounted  in  cultivated  soil  to  12  per  cent,  in 
loam  to  8  per  cent,  and  in  sand  to  IJ  per  cent.  The  root-hairs  seem 
to  take  up  chiefly  the  substances  held  by  the  soil  by  means  of  its 

ABSORPTIVE  POWER. 

The  absorptive  power  of  noil  de|iends,  partly,  upon  cliemical  changes  taking 
I>lace  within  it,  but  i>artly  alao  on  plijsical  processeit  (the  superficial  adhesive 
faree  of  its  particles).  The  chemical  changes  are  especially  concerned  nith  the 
retention  of  ammouiilin  and  jtotossiuiu  saltti,  as  uell  as  pliiMjihatea  ;  the  former  as 
difficultly  Holublo  silicates  or  double  silicatea,  while  pbo9|>h(iric  acid  in  held  in 
combination  with  calcium  or  irou.  MagneHiuni  and  calcium  aalta  are,  on  the 
contrary,  but  slightly  absorbed.  They  are,  like  the  chlorides,  the  nitlKtes,  and, 
ill  part,  also  the  aulphateit,  easily  displaced  ;  in  soil  treated  with  a  solution  of 
saltpetre,  for  example,  the  potassium  will  remain  in  combination  in  the  soil,  vhile 
calcium  nitrate  paa-tes  off  in  solution. 

Humns  acids  contribute,  to  a  certain  extent,  to  the  cliemical  changes  occurring 
in  soil,  as  do  also  soil  bacteria,  which  possess  strongly  oxidising  and  reducing  powers. 

The  absorptivity  of  the  soil,  which,  moreover,  is  not  abioliite,  and  varies  with 
diSerent  soils  (sandy  soil  absorbs  poorly),  0[>erates  advantageously  for  plants  by 
the  consequent  rapid  accumulation  of  large  supplies  of  food -material  for  their 
gradual  absorpti  o  n . 

The  abeorptive  power  of  soil  for  watiT  is  due  to  its  capacity  to  retain  uater  by 
capillarity,  so  that  it  does  not  run  off.  Of  the  soils  investigated  by  Sachs, 
cultivated  soil  retained  in  this  way  46  i>er  cent,  loam  52  per  cent,  and  sand  only 
21  per  cent  of  water. 

The  activity  of  the  roots  in  providing  nourishment  is  not  only 
manifested  in  overcoming  the  adhesive  and  absorptive  power  of  the 
soil.  The  young  roots,  and  especially  the  root-hairs,  in  addition  to 
the  cai'bonic  acid  exhaled  by  them,  and  which,  no  doubt,  also  aids  in 
loDseoing  the  soil,  excrete  a  stronger  acid,  by  means  of  which  they 
dissolve  otherwise  insoluble  substances.  Roots  growing  upon  a 
polished  plate  of  marble  will  so  corrode  it  that  an  etched  pattern  of 
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their  course  and  direction  ia  thus  obtained.  By  placing  the  roots  upon 
Htmus  paper,  it  may  be  demonstrated  that  the  corrosion  is  due  to  the 
action  of  tin  acid. 

The  nutrient  water  with  which  the  cell  walla  of  the  epidermal  cells 
and  root-hairs  first  become  permeated  is  taken  up  by  the  epidermal 
cells,  and  thence  passes  through  the  cortical  cells  and  the  endodermie 
(p.  113)  to  the  central  cylinder  of  the  root 

The  Distribution  of  the  Nutrient  Water — 1.  Root-Pressure. — 
The  causes  which  determine  the  direction  and  strength  of  the  movement 
of  the  water  through  the  living  cells  of  the  root-cortex  into  the  vascular 
bundles  are  not  yet  fully  understood.     The  fact  that  the  water  does 
actually  pass  into  them,  but  at  times  indeed  is  forced  into  them  with 
a  considerable  pressure,  may  be  easily  demonstrated.     If  the  stem  of  a 
strongly -growing  plant,  auch  ae  the  Sun- 
flower, Dahlia,  or  Indian  Com,  be  cut  off 
close    above    the    ground,    and     the    cut 
surface  dried  and  then  examined  with  a 
magnify ing-glass,  water  will,  in  a  short 
time,  be  seen  to  exude  from  the  severed 
enda  of  the  bundles.     By  close  inspection, 
it  is  also  possible  to  determine  that  the 
water  escapes  solely  through  the  vascular 
or  woody  portion  of  the  bundles.     When 
the  soil  is  kept  warm  and  moist  the  out- 
flow will  be  greater,  and  will  often  con- 
tinue for  several  days.     During  this  time, 
a  half-litre  or  more  of  water  will  be  dis- 
charged.    This  water,  as  analysis  shows, 
is    not  pure,  but    leaves   on    evaporation 
a  residue  of  inorganic  and   organic  sub- 


Again,  if  fl  hollow  glass  tube  be  placed 

on  the  root-stump  and  tightly  fastened  by 

rubber  tubing,  the  exuded  fluid  will  be 

forced  up  the  glasa  tube  to  a  considerable 

,     _     ,.,  ,  ,     ,    ,     height      How   great  the  force    of   this 

'ra.lT*.— Vigorooseiudntlonolvniler  =  .  °.  .  .  ,■  .■ 
u  the  result  of  root-pressure  from  pressure  is  may  be  shown  by  attachmg 
■  cut  stem  of  iJnWii  mrtatuti.  an  S  tube  to  the  stump  and  closing  it 
w  ueT^''t2' rbr^«™''o'l  "^'^^  mereury  (Fig.  174).  The  column 
the  rubber  tubiDg  c,  Ttie  wmier  of  mercury  Will  in  some  cases  be  forced 
IF,  absorbed  by  th»  roots  from  tbe  jq  ^  height  of  50  or  60,  and  uuder  favouT- 
"  tiio' stem  with°fl  force  s^uffl^nt  ^ble  conditions  to  100  or  more  centi- 
10  overcome  tiie  resisunce  ofthe  metres,  thus  indicating  a  root-pressure 
column  of  mercury  c.  which  may  sometimes  considerably  exceed 

)ne  atmosphere,  and  is  of  sufficient  power  to  raise  a  column  of  wat«r 

i,  8,  and  13  metres  high. 
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If,  instead  of  the  eHects  of  the  pressure,  the  volome  of  vater  exuded  eaoh  bour 
ht  o1ffi«rved,  the  remukable  fact  will  b«  demonstrated  that  the  roota  regularly 
dimharge  more  water  at  certain  hours  than  at  others  (Periddii'ITY  op  Root- 

'Wbeo  it  uas  hIiowd  that  the  roots  were  capable  of  exerciaiDg  so  great  a 
pressure,  it  was  at  first  believed  tbat  tlie  ascent  of  the  sap  to  the  t«ps  of  the 
highest  trees  was  due  to  root- pressure.  This,  liowever,  would  be  impossible  io 
view  of  the  foUowiug  considerations.  The  volume  of  water  supplied  by  root- 
pressnre  is  not  sufficient  to  satisfy  the  quantity  given  olT  by  evaporation.  On  the 
contrary,  by  moderately  vigorous  transpiration,  such  as  takes  place  on  a  summer 
day,  the  root- pressure  is  of  a  negative  obaracter.  Thus,  if  an  actively  evaporatiQg 
[ilant  be  cut  off  near  the  root,  no  outflow  of  water  will  take  place.  On  the  other 
liand,  the  stump  will  energetically  draw  in  water  supplied  to  it ;  and  not  until  it 
has  become  saturated  does  the  force  of  the  root-pressure  make  itself  apparent.  In 
plantfl  growing  imder  natural  conditions,  the  root-pressure  is  only  effective  on 
(lamp,  cool  days,  or  at  nights,  when  the  transpiration  is  greatly  diminished.  In 
Hpring,  when  the  roots  are  beginning  their  activity,  the  conditions  are  most  favour- 
able, the  wood  is  full  of  water,  and  the  transpiring  leaves  are  not  yet  unfolded. 
When  the  wood  is  injured,  "sap"  is  exuded  in  drops  from  the  vessels  and  trocheids. 

The  so-called  bleeding  from  wounds  or  cut  stems  is  chiefly  due 
(o  root-pressure,  but  it  is  also  augmeuted  by  the  pressure  exerted  by 
the  living  cells  of  the  wood  (wood  parenchyma,  medullary  rays). 
The  out-flowing  sap  often  contains,  in  addition  to  numerous 

.SALTS,  CONSIDERABLE  QUANTITIES  OF  ORGANIC  SUBSTANCES  {dissolved 
ftlbuminouB  matter,  asparagjn,  acids,  and  especially  carbohydrates). 

The  amount  of  saccharine  matter  in  the  sap  of  some  plants  is  so  great  that 
BUgor  may  be  profitably  derived  from  it.  Tlie  sap  of  the  North  American  sugar 
maple,  for  example,  contains  fhim  2  to  3  per  cent  of  sugar,  and  a  single  tree  will 
yield  2-3  kilos.  The  sap  of  certain  plants  is  also  fermented  and  used  as  an 
intoxicating  drink  (palm  vrine,  pulque,  a  Mexican  beverage  made  from  the  sap  of 
the  Agave,  etc.) 

Tbe  bleeding  which  takes  place  on  warm,  sunny  winter  days  from  wounds  or 
barings  in  trees  is  not  due  to  root-pressure,  but  ta  purely  physical  causes.  It  is 
brought  about  by  tbe  expansion  of  the  air-bubblee  in  the  tracheal  elements  of  the 
wood,  and  may  be  artificially  produced  at  any  time  in  winter  by  warming  a  freshly- 
cut  piece  of  wood  ;  when  the  wood  is  allow*ed  to  cool,  the  air  contracts  and  the 
water  in  contact  with  the  cut  surface  will  be  again  absorbed. 

IL  Thb  Water-conduction  in  Plants, — In  living  planttissues 
the  cells  of  which  require  more  or  less  water  for  their  growth,  for  the 
nrnntenance  or  augmentation  of  their  tui^dity,  and  to  supply  the 
water  lost  by  transpiration,  there  is  a  constant  transfer  of  water 
from  one  cell  to  another.  This  transfer  between  the  adjacent  cells 
takes  place  much  too  slowly  to  equalise  the  great  amount  of  water 
lost  by  evaporation  from  the  foliage  of  a  tall  tree.  In  order  to 
transfer  the  water,  quickly  and  in  larger  quantities,  from 
the  roots  to  the  leaves,  plants  make  use,  not  of  the  living 
parenchyma,   but    of   the    woody    portion  of  the  vascular 
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BUNDLES.     The  woody  elemcnte  which  thus  conduct  the  water  have 

no  protoplaam ;  they  are  to  be  regarded  as  dead  cells,  in  which  the 

last  office  of  the  protoplasm  was 

h  to  give  the  walls   their   peculiar 

structure. 

IIL  The  Transpiration  Citr- 
RENT. — It  has  long  been  known 
that  the  ascending  transpiration 
current  in  woody  plants,  which  is 
directed  to  the  points  of  greatest 
consumption,  flows  solely  through 
the  wood.  It  had  been  observed 
that  plants  from  which  portions 
of  the  cortex  had  been  removed, 
either  purposely  or  accidentally, 
remained  nevertheless  perfectly 
fresh.  The  adjoining  figure,  taken 
from  one  of  the  firat  books  in 
which  the  vital  processes  in  plants 
were  accurately  described  (Essays 
ON  Vegetable  Statics,  by 
Stephen  Hales,  1727),  shows  the 
method  employed  in  proving  this 
fact  experimentally  (Fig.  175). 
At  Z  in  the  branch  h  all  the 
p.   ,-r.  «    _■.■.„.^ ..>.h™.h.  c,....  tissues    external   to    the    slender 

Kic.lii).— U*IJ«  eipeniNfutio«no»moa>fenL  i    i  .  i         r.- 

ortiwBepin  the  wooii.  Although  the  cotMi  woOQ  have  been  removed,     bmce 
iiMbMn  entirely  removed  mt^,  Mid  the  wood  [[,6  leavcB  of  tliis  branch  remain 

alone  left,  the  leftvea  of  the  branch  h  remain  -       ,  .,_  f  ^i.       t  \. 

B>  fre«h  SB  thoBe  on  the  ontnjuted  branch  c  ;    ^   iresh  aS  thOSO   Of  the    branch    C, 

z.  veswi  contsininK  mter.  FacBimiie  Df  the  it  ia  evident  that  the  transpira- 
'""!*"*'""  '"  ^*''"'  ^'^■'"'^  ■""*"'  tion  current  must  pass  through 
the  wood  and  not  through  the 
cortical  tissues.  On  the  other  hand,  when  a  short  length  of  the  wood 
is  removed  from  a  stem,  without  at  the  same  time  unduly  destroying 
the  continuity  of  the  bark,  the  leaves  above  the  point  of  removal  will 
droop  as  quickly  as  on  a  twig  cut  off  from  the  stem.  It  has  also 
been  shown  by  experiment  that  in  herbaceous  plants  the  vascular 
portions  of  the  bundles  provide  for  the  conduction  of  the  ascending 
currents. 

As  Sachs  deuianstreted  by  spectroscopical  analysis,  a  dilute  solution  of  litliium 
nitrate  taken  up  by  an  uninjured  pknt  Srst  ascends  in  the  wood  before  it  jiaBses 
laterally  into  tiie  other  tiasiica.  By  means  of  the  same  solution,  Pkitzeh  and 
Sachs  determined  th«  velocity  of  the  movement  of  the  transpiration  current,  which 
naturally  varies  according  to  the  plant  and  the  elfeot  of  external  conditions  upoD 
trauspiration  ;  under  favourable  circumstances  it  attains  ■  rate  of  1-2  metres 
an  hour.     This  method  of  showing  the  exclusive  share  of  the  wood  in  the  con- 
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daction  of  the  water,  and,  also,  of  determining  the  maiinium  velocity  of  the 
(luupintiDn  current,  from  oburvations  based  on  the  path  and  rate  of  morement 
of  B  colonred  aolntion  taken  u[)  by  a  plant,  la  not  free  from  objection  ;  for  the 
colonring  natter  would  not  pus  through  the  stem  at  the  same  rate  aa  the  vater 
in  which  it  is  dissolved,  but  wonld  be  drawn  out  and  held  back  b;  the  cella.  The 
employment  of  colonred  aolntions  will,  however,  be  found  inatruotive  for  merely 
showing  the  course  of  the  transpiration  current.  The  transjiarent  atems  of  the 
Balsam,  Impatient  parvijlora,  and  tlie  white  floral  leavca  of  Lilies,  Camellias, 
Uock  Orange,  etc.,  in  which  the  coloured  vascular  system  will  stand  out  as  a  fine 
network,  are  especially  adapted  for  anch  an  experiment. 

In  water-plants  and  BUcculents,  in  which  little  or  do  transpiration 
takea  place,  the  xylem  is  correspondingly  feebly  developed.  In  land 
plants,  on  the  other  hand,  and  especially  in  trees  with  abundant 
foliage,  the  wood  attains  a  much  greater  development.  All  the  wood, 
however,  of  a  larger  stem  does  not  take  part  in  the  task  of  water- 
conduction,  but  only  the  younger,  outer  rings.  Where  there  is  a 
distinction  between  heart-  and  sap-wood,  under  no  conditions  does  the 
heart -wood  take  part  in  the  conduction  of  the  water,  which  is 
transferred  exclusively  by  the  younger  rings  of  the  sap-wood. 

The  character  of  the  forces  which  cause  the  ascent  of  the  trans- 
piration currents  is  still  unexplained.  Transpiration  itself  only  makes 
a  place  for  the  inflowing  water ;  it  does  not  furnish  the  force  which  is 
necessary  to  rapidly  convey  a  lai^e  volume  of  water  for  a  considerable 
distance  through  the  wood.  Every  operation  by  which  work  is 
accomplished  implies  a  corresponding  exiienditure  of  force ;  and  the 
force  which  is  capable  of  raising  great  masses  of  water  to  the  tops 
of  a  tall  Foplar  or  of  a  Eucalyptus  150  m.  high,  must  be  consider- 
.  able.  But,  as  yet,  all  efforts  to  determine  the  nature  of  this  force  have 
been  fruitless,  and  all  previous  suppositions  have  been  shown  to  be 
untenable. 

It  has  been  already  explained  that  tlie  r.iMiT-rnF«sriiE  cannot  cjert  such  a 
force  during  trauBpirstion  (p.  184). 

OsuoTic  FOHCE8  act  too  slowly  to  be  of  any  value,  and,  moreover,  there  is  no 
fixed  distribution  of  osmotic  substances  that  would  account  for  such  a  current. 

The  transpiratioii  current  cannot  be  due  to  capillakitv.  In  the  hrst  place,  con- 
tinuons  capillaries  are  entirely  wanting  in  some  plants  (the  Conifers,  for  example), 
and  in  the  stems  of  others  they  are  only  present  for  comparatively  short  distances. 
Secondly,  the  concave  menisci  in  the  elements  of  the  wood  are  not  in  relation  with 
any  level  or  convex  surface  of  water,  in  which  case  alone  they  could  have 
effect.  Thirdly,  the  height  to  which  liquids  can  riae  by  capillary  attraction,  and 
it  would  be  leas  in  the  vessels  and  tracheids  than  in  a  glass  tube,  doea  not  approach 
the  height  of  an  ordinary  tree  ;  and,  finally,  the  rate  of  ascent  induced  by 
capiQsrity  decreases  so  greatly  with  the  increasing  height  of  the  fluid,  that  so 
copious  a  flow  of  water  as  occurs  in  plants  would  be  imjiossible. 

Atuospbehic  pbessure  has,  also,  been  shown  not  to  be  the  cause  of  the  trans- 
piration current.  It  is  true  that  the  vessels  and  tracheids  of  vigorously  transpiring 
plants  contain  rarefied  air  between  the  short  columns  of  water.  This  is  evident 
from  the  way  in  whioli  stems  cut  under  mercury  become  penetrated  by  iL     But 
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as  the  wateF'COurses  in  plaats  are  sll  completely  shut  off  from  the  outer  atmo- 
Nphere,  the  extonul  atmoapheric  pressure  could  have  no  effect.  The  rarefied  air 
within  the  plants,  moreover,  abowa  no  such  regularity  iu  its  distributioa  that  it 
could  possibly  give  riae  to  so  continuous  a  flow  of  water.  Further,  as  the 
atmospheric  pressure  can  only  euetain  the  weight  or  a  column  of  water  10  m.  high, 
while  the  sap  of  a  Begonia  aacends  60-100  m.,-the  iuadequocy  of  tbe  Btmospberic 
pressure  to  give  rise  to  such  a  movement  inuat  be  admitted. 

The  suppoaitioD  that  the  water  aecenda  in  the  form  of  vapour  through  tbe 
cavities  of  the  wood,  and  is  afterwarda  condensed  in  the  leavea,  is  untenable,  ae  is 
at  ODce  obvious  from  a  connideration  of  the  anatomical  structure  of  the  wood,  the 
interruption  of  ite  cavitiea  hy  short  columns  of  water,  and  tbe  temperature 
of  the  plants  themaelves.  And,  moreover,  tbe  apecial  task  of  the  transpiration 
current,  to  tranafer  the  nutrient  aalts,  could  not  be  accomplished  if  such  a  auppoai' 

It  has  alao  been  suggested  that  all  of  theee  processes  might  be  aided  bj  the 
co-OPERATlotJ  or  THB  LIVING  CELLS  wbich  are  80  abundant  throughout  the  wood, 
and  which  have  cominaud  of  active  oamotic  farces,  tu  tbe  service  of  wbich  they 
could  unite  a  regulative  irritability.  I^ter  investigations, 'however,  have  shown 
that  poisonous  solutions,  which  would  at  once  kill  all  living  protopla-sm,  are 
regularly  transported,  iu  great  quantities,  to  the  summits  of  the  loftiest  Oaks 
and  Firs.  Thus  the  supposition  that  tbe  living  elements  in  any  way  co-operate 
in  the  ascent  of  the  transpiration  current  is  absolutely  precluded. 

The  view  moat  generally  accepted  at  the  present  time,  that  the 

TRANSPIRATION    CUKRENT   ASCENDS    IN    THE    CAVITIES    OF    THE    WOOD 

THROUGH  THE  VESSELS  AND  TRACHEiDS,  BeeiDs  to  be  Supported  hj 
observation  ae  well  as  by  the  structural  features  of  the  wood,  but 

leaves  the  question  as  to  the  cause  of  the  movement  still  unanswered. 

Sai;h8,  in  his  THEORY  OF  IMBIBITION,  sought  to  solve  the  problem  by 

supposing    that    TUK    water    ASI'KKllBl)    IS    THE    SUBBTASOE    OF    THB    l.iaKinEP 

WALLS,  and  that  tbe  upward  movement  was  due  to  the  force  of  molecular  attrac- 
tion, and  to  tbe  disturbance  of  the  equilibrium  existing  between  tbe  water  and 
the  substance  of  the  cell  walls. 

In  more  recent  attempts  to  account  for  the  ascent  of  tbe  sap,  the  direct  transfer 
to  the  root  cells  of  the  force  of  suction  arising  from  tlie  transpiring  green  leaves, 
has  been  regarded  as  resulting  from  the  internal  cohesion  of  the  water  itself.  On 
such  a  supposition,  however,  no  evidence  is  furnished  that  the  suction  would,  in 
itself,  be  sufficient  to  induce  a  movement  like  that  of  the  transpiration  current. 

The  Glvlng-ofr  of  Water. — The  requisite  amount  and  essential 
concentration  of  the  nutrient  water  supplied  by  the  transpiratioD 
current  are  maintained  only  by  the  constant  discharge  of  the  accumu- 
lating water.  This  may  occur  in  two  ways,  either  more  profusely  by 
the  evaporation  of  the  water  through  the  cell  walls  in  the  form  of 
vapour — that  is,  by  transpiration — or  less  copiously  and  also  less  fre- 
quently by  the  actual  exudation  of  drops  of  water. 

I.  Transpiration. — In  their  outer  covering  of  cork,  cuticle,  and 
wax,  plants  possess  a  protection  from  a  too  rapid  loss  of  water.  A 
Pumpkin,  with  ite  thick  cuticle  and  outer  coating  of  wax,  even  after  it 


has  been  separated  from  its  parent  plant  for  months,  suffers  no  great 
loss  of  water.  A  potato  is  similarly  protected  by  a  thin  layer  of 
cork  from  loss  of  water  through  evaporation.  The  green  organs  of 
plants,  on  the  other  hand,  as  they  are  active  in  the  processes  of  nutri- 
tion, and  must  be  able  to  get  rid  of  their  surplus  water  in  order  to 
secure  the  proper  concentration  of  their  nutrient  salts,  make  little  use 
of  such  protective  coverings.  On  the  contrary,  they  are  provided  with 
special  contrivances  for  promoting  evaporation.  The  cell  walls  of  all 
hring  organs  are  saturated  with  water,  and,  when  the  cuticle  of  the 
epidermis  is  not  too  strongly  developed,  water  is  constantly  evapor- 
ated, even  from  uninjured  cells,  in  amounts  varying  with  the  area  of 
the  exposed  surfaces.  (From  this  point  of  view,  it  will  be  seen  that 

THE  PLAT  EXPANSION  OF  FOLIAGE  LEAVES  RENDERS   THEM    ADMIRABLY 

ADAPTED  FOR  THE  WORK  OF  TRANSPIRATION.  Evaporation  is  also 
promoted  by  the  numerous  stomata  (air-pores)  which  penetrate  the 
epidermis,  and  which  give  the  air,  saturated  with  watery  vapour,  an 
opportunity  to  escape  from  the  intercellular  spaces.  Although  the 
Etomata  are  so  small  that  neither  dust  nor  water  can  pass  through 
them  into  the  plant,  they  are  usually  present  in  such  enormous 
numbers  (p.  94)  that  their  united  action  compensates  for  their  minute- 
ness. When  it  is  taken  into  consideration  that  a  medium-sized 
cabbage  leaf  (Brasska  oleracea)  is  provided  with  about  eleven  million, 
and  a  Sunflower  leaf  with  about  thirteen  million  air-pores,  it  is  possible 
to  estimate  how  greatly  evaporation  must  be  promoted  by  these  fine 
sieve-like  perforations  of  the  epidermis. 

The  stomata  also  afford  pl^ts  a  means  of  regulating  EVAPORA- 
TION. The  pores,  which  are  the  mouths  of  intercellular  spaces,  are 
surrounded  by  GL'ARiJ-CELi.a.  As  the  term  guard-cell  suggests,  these 
cells  have  the  power  of  closing  the  pore.    Thk  closing  and  OPENING  OF 

THE  STOMATA  ARE  ACCOM'pLISHED  THROUGH  A  CHANGE  IN  THE  Tt'RGIDITV 

IN  THE  GUARD-CELLS.  In  consequence  of  their  peculiar  wall  thicken- 
ings, elasticity,  and  lateral  attachment,  a  change  of  turgidity  affects  the 
size  and  shape  of  the  guard-cells  in  such  a  way  that,  by  diminished 
turgidity,  they  become  flatter  and-  close  the  air-passage,  while  an 
increase  of  turgidity  has  the  contiary  effect  and  opens  them  (Figs. 
176,  177). 

lu  many  pUnts  the  so-called  accessory  cells  fp.  B4}  participate  iu  various  ways 
and  degrees  in  these  proceasee,  depending  upon  the  special  structure  of  the  whole 
apparitUB.  The  opening  and  closing  of  the  stomata  may  be  effected  by  either 
eiternal  or  internal  stimuli  ;  but  aiich  stimuli  affect  different  plants  in  a  different 
mauner.  Generally  speaking,  the  stomata  begin  to  close  on  the  diminution  of  the 
nater-aupply  ;  they  open,  on  the  other  hand,  when  act[ve  tranapiration  is  advan- 
tagooua  (in  light,  in  moiat  air,  etc.).  The  quantity  and  quality  of  the  sub- 
stBucea  held  in  solution  in  the  nutrient  water  react  in  a  .rvmarkable  manner 
'  upon  the  stomata.  The  si^e  of  their  opening  in  decreased,  aiid  the  quantity 
of  water  evaporated  is  therefore  lessened  when  more  than  the  usual  amount  of 
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nutrient  sitlte 

uontinued   eva; 

might  act  disastroiwly  ujKin  tlie  pUat.     Alkalies  usually  t*>ud  to  increase  turgidity, 

while  acids  diminiith  it. 

It  has  already  been  pointed  out,  in  deecribing  the  morphology  of 


the  Btomata,  that  they  are  chiefly  to  be  found  un  the  surfaces  of  the 
leaves.    The  lkavek  are  accordingly  to  be  considered  as  special 
ORGANS    OF    TRANSPIRATION    (and   assimila- 
tion,   p.  196).       This  is  also    evident  from 
the  manner  in  which  the  vascular  bundles 
branch  after  entering  the  leaves.     As  a  lai|;e 
water-main  divides  into  a  network  of  smaller 
pipes  where  the  consumption  of  the  water 
takes  place,  so  a  leaf-trace  bundle,  after  its 
long  and  unlnterrup'ted  course  through  the 
stem,  suddenly  branches  as  soon  as  it  enters 
the   leaf-blade.      The    adjoining   illustration 
(tig.   178),  showing  the  nervature   or  dis- 
pio  r-  -stuiin  .If  a   •eriaiiUi    '"^^^'ion    of    the    vascular    bundles    in    a 
i«r'uf  cntoi.iu  r..r«jinrH..   s.    Crataegus  leaf,  will  convey  some  idea  of  the 
Uiiani-ceii  with  'liiniiiiaiieii   extensive  branching  which  the  bundles  of  a 
thTsMB  tomnta  tiw  -Tuning  '^^  uniiergo,  especially  when   it   is   taken 
!>trai|riit  1  a'.  cun(e>weiit  Kiinni-   into    consideration     that    only    the    macro- 
wii  wiui  ciirvmi  intciai  will,   gcopjc   fn,(j   none  of   the   finer   microscopic 
(Afttr'LEiwcB.) "  '"™**''  '■  branchings   are   represented   in   the   figure^ 
By    means    of    this    conducting    system,,  a 
copious    supply   of  nutrient    water    can    be    delivered    directly  from 
the  roots   to  every   square   millimetre  of   the   leaf.      There  is,  how- 
ever, a  special  reason  why  the   leaves  are   so  abundantly  supplied. 
They   are  the   actual   laboratories    of    plants,    in   which,    out   of  the 
carbonic  acid  of  the  atmosphere  and  the  water,  and  nutrient  salts  of 
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the  soil,  the  organic  building  material  of  the  plant-body  is  produced. 
For  similar  reasons,  it  is  in  the  leaves  that  the  broad  expansions  of  tissue 
for  the  special  promotion 
of  transpiration  are  found. 
The  amount  of  water  actu- 
ally evaporated  from  the 
leaf  surfaces  in  the  per- 
fonaance  of  their  vital 
functions  is  almost  in- 
credible. For  instance,  a 
strong  Sunflower  plant,  of 
about  the  height  of  a  man, 
evaporates  in  a  warm  day 
over  a  litre  of  water.  It 
has  been  estimated  that 
an  acre  of  cabbage  plants 
will  give  off  two  million 
htres  of  water  in  four 
months,  and  an  acre  of 
hops  three  to  four  millions. 
The  quantity  of  water  daily 
required  to  maintain  the 
water-supply  of  a  single 
large  ti-ee,  amounts  to 
many  litres.  The  water 
evaporated  in  the  five 
months  from  June  to 
November  from  an  Oak 
standing  perfectly  free  and 
apart,    and    having   about 

700,000    leaves,    has'    been    Vm.  its.— Ouun«  of  tlie  va«oiiI«r  bun.lles  (i-enitioii)  iu  1 

estimated  at  111,225  kilo-      i»f<''L'™'«fJ'"-   (Fto.i.  a  photograph ;  «tu™uiit) 
grams.    According  to  Dietrich,  for  every  gramme  of  dry,  solid  matter 
produced,  there  is,  on  the  avert^,  250-400  grams  of  water  evaporated. 

ExPERiUENTAL  DEMuNsTitATioN  (JK  Traxmi'IUATION.  — T]ie  evaporation  from 
pUnts,  although  imperceiitible  to  direct  observation,  may  be  easily  demon atrattd, 
and  its  amount  determined  by  the  help  of  a  few  simple  applianeed.  One  method  of 
doing  Ihia  ia  to  weigh  a  plant  before  and  after  a  iieriod  of  vigorous  cvajioration,  and 
thus  determine  the  amount  of  water  actually  lost.  Or,  if  the  water  evaporated  by  a 
plant  placed  under  an  air-tight  bell-jar  be  absorbed  by  calcium  ohloride  or  conceu- 
trated  sulphuric  acid,  it  will  only  be  neuesxaiy  to  determine  the  increuae  in  weight 
of  the  absorbing  aubstance  to  estimate  the  amount  of  water  given  oif  by  evapora- 
tion. The  amount  of  water  taken  up  by  a  plant  may  also  be  shown  by  ao 
arranging  the  experiment  that  the  water  passes  in  through  a  narrow  tube,  as  then 
even  a  small  conaumption  of  water  »iU  be  quickly  indicated  by  the  rapid  lowering 
of  the  water-level,  which  will  be  the  more  rapid  the  smaller  the  bore  of  the  tuba. 
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The  import&nt  l>art  taken  b;  the  stouuta  iu  thr  process  of  transpiration  may  lie 
euily  bIiowu,  according  to  Stahl,  by  means  of  the  cobalt  reaction,  or  the  change  in 
colour  of  dark-blue  dry  cobalt  chloride  to  light  rose  upon  al>sor]ition  of  vater.     In 
making  this  expcrimeut  a  leal'  placed  between  strips  of  paper  which  have  been 
previouuly  saturated  with  this  cobalt  salt  and  then  thoroughly  dried,  is  laid  between 
glass  plates.     The  pajier  on  the  side  of  the  leaf  most  abundantly  supplied  with 
atomata  will  then  first  change   its   colour, 
and   that   too  the  more  rapidly  the  more 
widel}'  open  ire  the  stomata.     The  cobalt 
reaction  can  tiius  also  be  utilised  to  deter- 
mine any  variation  in  tlie  sixe  of  the  ojien- 
'    ings  of  tlie  atomata. 

It  is  evident  from  these  and  similar  ex- 
.    periments  that  more  water  ia  evajHirated  in 
a  given  time  from  some  plants  than  from 
others.     These  variations  are  due  to  differ- 
ences in  the  area  of  the  evajiorating  surfaces 
and  to  structural  peculiarities  (the  number 
and  site  of  the  atomata,  presence  of  a  cuticle, 
cork,  or  hairy  covering,  etc.).     But  even  iu 
the  same  shoot  transpiration  ia  not  always 
uniform.     Tliis  ia  attributable  to  tl      fa 
that,  both  from  internal  and  extc  n  1   a    e« 
not  only  the  size  of  the  opening       f  tl 
atomata  variea,  but  also  that  tran  j  rat 
just  as  eraiwratiou  from  a  tjiirfac      f     at 
is    dependent    upon   external        nd      ns 
Heat,  as  well  as  the  dryness  and  m  t    n 
of  the  air,  increases  transpiration  f     pur  Ij 
physical  reasons  ;  while  light,   f      {  fay 
logical  reasons,  also  promotes  it. 

From  both  physical  and  pi  j  !  g  al 
causes,  transpiration  is  much  mo  g 
during  the  day  than  night.  Planta  1  k 
luipatiens  farvifiora,  which  droop  n  am 
days,  become  freah  again  at  the  first  app  oaci 
of  night. 

SuiTION    IS    TRANSPIItlSU    ShOOTS,— A 

shoot,   tlie  cut  end  of  which  is  placed  in 

water,  shows  by  remaining   fresh   tliat  it 

must  be  able  to  draw  up  water  to  its  e.x- 

'  trenie  tips.     The  force  of  suction  cserted 

Fin.   179.— Niiction  Qf  ■  traiiBiiiriiiK  fliogl.    by  such  a  transpiring  foliage  shoot  may  be 

Tlie  leafj-  alioot  is  (Itlnl  w  that  It  Is  air-    demonstrated,   by  fitting  the  cut  end  in  a 

oT  mercury.  The  mereurj  Is  dravtn  manner  that  it  shall  be  air-tight.  Thus 
up  tlie  tube  by  tbe  suctliiu  exerte<l  by  arranged,  the  shoot  will  be  able  to  sustain 
the  tnii.Bpirlng  iilioot.,  (Fruiii  Detuerb  ^^d  raise  a  column  of  water  2  metres  high. 
/■fty«ni.  J'r.iW.)  ,f  yjg   ^^^^^  j^j   pf  ^|jg  jj,(,^  j^  inserted 

in  mercury,  as  shown  in  the  adjoining  figure  (Fig.   179),  it  will  be  found  that 
even  the  heavy  mercury  will  be  lifted  by  the  transpiring  shoot  to  a  considrr- 
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alile  height.     \  g  f             1  oots      b      b      ater   tliroilgh   the  cut    end 

H'ith  a  force  of        t  eq     1  to            ^       l'           "'^  '"'^  ^biia  able  tu  i'aL;«  the 

niercurj'  to  a  !ib  ght     i  1        tl     b      m  t       [               (760  mm.).     The  comiilets 

esi^lusioa  of  til        te  1     t       [I               b    I   t  ly    cquisite  for  the  existence  of 

fiiich  a  3uctiou-f  re  d  C       act     11    f  If  11  i   n   he  watcr-co arses  of  plaiitii. 

II.  Exudation  of  ^\  ATEii.^The  discharge  of  water  in  a  liquid 
state  by  direct  exudation  is  not  of  so  frequent  occurrence  as  its  loBS 
by  evaporation  in  the  form  of  vapour. 
I^rly  in  the  morniog,  after  a  damp  night, 
drojis  of  water  may  often  be  fouud  aj 
the  young  leaves  of  Indian  Com,  aM 
also  on  the  leaves  of  Alcliemilla  and  the 
Garden  Nnsturtivm.  These  drops  gradu- 
ally increase  in  size  until  they  Knally 
fall  off  iind  are  again  replaced  by  smaller 
drops.  These  are  not  dew-drops,  although 
they  are  often  mistaken  for  them  ;  on 
the  contrary,  these  drops  of  water  exude  ■ 
from  the  leaves  themselves.  They  are 
discharged  near  the  apex  of  the  leaves 
of  the  Indian  Corn,  but  in  the  case  of 
AkhmilUi  from  every  leaf-tooth,  and  of 
the  Naslartium  from  the  ends  of  the 
seven   main   nerves    (Fig.    180).      The   fi'-- iso.-Eiud.iionof -imiaofw.iw 

.  J-  ^l"  ',  from  ■  loaf  or  rropa(nimBm.'J«i. 

drops    disappear   as    the    sun    becomes 

higher  and  the  air  warmer  and  relatively  drier,  but  can  be  produced 
artificially  if  a  glass  bell-jai'  be  placed  over  the  plant,  or  the 
evaporation  in  any  way  diminished.  Whenever  plants  become 
overchai^ed  with  water  through  the  activity  of  the  roots,  it  is 
discharged  in  drops.  These  are  pressed  out  of  special  water-pores 
(p.  95),  and  sometimes  even  from  the  stomata  and  clefts  in  the 
epidermis ;  while  in  Datura  they  have  even  been  observed  to  exude 
directly  through  the  walls  of  the  epidermis.  It  is  possible  to  cause 
similar  exudations  of  water  by  forcibly  injecting  water  into  a  cut 
shoot. 

Such  eiiidations  of  water  are  particularly  apparent  on  many  Aroids,  aud  drop« 
of  water  may  often  be  seen  to  fall  witliin  short  intervals,  sometimes  every  second, 
from  the  tips  of  the  large  leaves.  From  tbe  leaves  of  a  species  of  Coloeasia  the 
exuded  drops  of  water  are  even  discharged  a  short  distance.  In  Spathudea,  a 
tropical  member  of  t)ie  Bignoniacrat,  the  space  encloaed  by  the  calyx,  in  which  the 
yonng  floral  organs  are  developed,  is  filled  with  water.  Again,  in  unicellular 
plants,  especially  Bome  of  the  Fungi  (}fiuor,  Filobolus,  Pliijcovtyrxs),  the  copions 
eindation  of  water  is  very  evident.  The  water  in  this  case  is  pressed  directly 
through  the  cell  walla, 

Tbe  organs  fer  the  discharge  of  water,  which  Haberlandt  has  collec- 
tively termed  hydathodes  (pp.  91,  99,  114),  in  some  instances,  like 


animal  sweat-gknda,  actively  presa  out  the  water ;  or,  on  the  other 
hand,  they  may  simply  allow  it  to  filter  througb  them  when  the 
internal  pressure  has  attained  a  certain  strength. 

It  would  almost  seem  that,  in  case  of  inactive  transpiration,  such 
exudations  of  liquid  water  supplied  the  place  of  evaporation,  were  it 
not  that  the  out^preased  liquid  is  not  pure  water,  as  in  transpiration, 
but  always  contains  salts  and,  sometimes,  also  Organic  substances  in 
solution.  In  fact,  the  quantity  of  salts  in  water  thus  exuded  is  often 
so  abundant  that  after  evaporation  a  slight  incrustation  is  formed  on 
the  leaves  (the  lime-scales  mi  the  leaves  of  the  Saxifrages).  In 
some  instances,  also,  the  sub^ncee  in  solution  in  the  water  seem 
to  be  exuded  with  a  purpose,  as  in  the  case  of  the  aitCRETIONS  OF  THE 
NECTARIES  and  of  the  pibestive  glands  of  insectivorous  plants 
{p.  215),  and  of  the  discharges  of  the  viscid  htigmatic  FLUID.  The 
superfluous  water  is  discharged  by  a  few  plants,  the  Pumpkin,  for 
example,  into  the  cavities  of  their  stems  and  leaf-stalks,  and  is  again 
absorbed  from  these  reservoirs  when  needed. 

SpMlal  Contrivances  for  regulating  tb«  Water- supply.— Aluiost  alt  the  higher 
plauts  )>09Hesa  in  tlic  power  to  close  their  stoDiata  ft  special  lueana  of  cheeking 
transpiration  duniig  a  temporary  insiifflcieticy  of  tlie  water-supiity.  In  diatricCa 
subject  to  droughts  of  weeks  or  months'  duration,  only  auch  jilanta  can  flourish  as 
are  able  either  to  withstand  a  complete  drying  up  without  injury  (p.  179),  or  to 
exist  for  a  long  time  ou  a  acanty  supply  of  water.  This  last  case  is  only  rendered 
possible  by  the  extreme  reduction  of  transpiration,  or  by  the  formation  of  organs 
in  whicb,  in  times  of  a  superfluity  of  water,  it  may  be  retained  for  later  use. 

Such  protection  against  exotssive  transpiration  is  afforded  by  tlie  fomiatiou  of 
cork  or  cuticular  coverings,  by  the  reduction  in  the  number  aud  size  of  the  stomstai 
and  also  by  their  occurrence  in  cavities  or  depressions.  The  rolling  up  of  the 
leaves,  as  well  as  the  development  of  thick  growths  of  hair  and  the  assumption  of 
a  vortical  position  t«  avoid  the  t\x\l  rays  of  the  sim,  are  also  measures  freqiienllj 
adopted  to  lessen  transpiration.  The  most  efftcieut  protection,  however,  from  too 
great  a  loss  of  water  by  transpiration  is  undoubtedly  obtaiued  by  the  reducttoB  of 
the  transpiring  surfaces,  either  through  a  diminution  in  the  size  of  the  leaves  or 
through  their  complete  disappearance. 

Theuprightpositiouoftheleavea,  or  thesuhstitution  of  exijanded,  perpendicularly 
directed  leaf-statks  for  tlie  leaves  (Phvllouia),  {larticuUrly  characterises  the  Hon  of 
Australia.  A  clothing  of  hair,  on  the  other  hand,  protects  the  leaves  of  many  South 
African  Protcaceae  {e.g.  LeacadendroH,  argeiUeuia).  Some  of  the  Oratniacar  (Stipa 
capillala,  Fealuea  alpealria,  Seilcria  leillti/oiia,  S.  piiiicturia,  etc.)  roll  or  fold  their 
leaf-blades,  in  times  of  drought,  by  nieana  of  special  htnge-tike  devices,  iuto  narrow 
tubes,  and  so  maintain  a  suSicJent  supply  of  water  by  diminishing  the  trans piratiotf 
from  their  stomata.  Reduction  of  the  leaves  is  illustrated  by  the  desert  fonus  of 
Oeaiala  and  Sarotharnnua  and  by  the  Cypress-like  Conifers.  A  complete  disappear- 
ance of  the  whole  leaf  surface  lakes  place  in  mast  Cadi,  in  which  also  the  sUms 
become  swollen  and  converted  into  water- reservoirs  (Fig.  25).  A  similar  develop- 
4uent  of  succulent  snolleij, stems  frequently  occurs  in  the  Evpliorlriaceai  (Fig.  ISl), 
in^lie  Cauipo3ilae'(^}ciiiia  articulata).  StajKlcae,  and  many  other  plant  families 
found^n  arid  regions.  It  has  been  estimated  that  the  amount  of  water  evaporated 
by  a  Hehn-Cactus  is  reduced  by  its  succulent  development  to  iVn  of  that  given 
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off  bj  an  eqiially  heavy  eliiiibiug  plant  (Aristolockia).  Instead  oF  the  stem  the 
leaves  themselvea  may  become  BiicculcDt,  as  in  the  House-leek  and  other  species  of 
Stnipervivum,  a1^  in  many  species  of  Seduai, 
Aio<,  and  Agatt.  Both  stem  and  leaves  are 
equally  succulent  in  many  a|>ecies  of  ihscm- 
bnja/UJienaim.  In  other  plants,  the  ]«ren- 
chyma  of  their  stem  tubers  (epiphytic  Orcliida) 
or  of  their  thickened  roots  (Oxalidtac)  serve 
as  water- reservoirs.  Epiphytfc  Branuliactae 
catch  the  rain-water  in  reservoirs  formed  by 
their  closely  joined  leaves,  and  then'eagerly 
take  it  up  through  the  scaly  hairs  which  cover 
the  leaf  suriacCK,  an  in  species  of  Tillandsia. 
Again,  many  epiphytic  Orchids  and  Aroida 
collect  the  rain-water  in  a  Swollen  sheath  de- 
veloped from  the  epidermis  of  the  aerial  root 
(os/ohifrt  radiaim,  \i.  100).  In  the  case  of 
other  epiphytic  Orchids,  Aroids,  and  Verns 
[Aspleniunt  Nidua,  for  instance),   the  hiiraus 

andotherniaterialcaughtiareceptaclesfonued  F'"'  isi.— Ei^i^*!!.*;,.  gtnlKmi.  Tlie  k. 
byth     la     8       a      al         ts  a^t  Ik    a    i>ong  J«c^»v«  ma,  be  „.en  od  tl..  upper 

n  tak  ng  up  and      ta  u  ng  wa        wl  1      he 

abso  pt  oots   i^>eu  trat      nt     tl         mo   t      ompo  t  1  k     masses  aud  absorb 

both      at        nd  nut     nt      b  tan  Alanj     pec       of  Fn  Itania   (a  Livernort 

mraon     n   Bee  1    t       )  imss  u  th      th      I  and      pe   al  water-sacs  on  tlie 

und  sd  of  th  thallu  (Fg319)  A  pa  t  uU  I3  nm  kable  contrivauce  for 
mamta  niog  a  n  tant  u|  1  ly  f  wat  s  h  b  ted  by  the  epiphytic  Dixhidia 
SagUstnna  a  numb  f  loala  fnadphut  small -mouthed  urn,  into 
whi  h  the  oota  gr  n  It  wo  Id  s  m  at  flrst  gl  t  unnec  sary  that  plants  like 
the  Mangro  te  nh  h  stand  tl  th  oct  t  ly  n  ster,  should  require 
prote  t  Qn  aga  is      00    ap  d  t  an  p  rat  on      but    as     1  e  grows  in  salt  or 

brackisli  water,  it  is  necessary  to  reduce  the  amount  of  water  absorbed,  in  order  to 
prevent  a  too  great  accumulation  of  salt  in  tbu  tissues. 


The  Absorption  of  Carbon  (Assimilation) 

In  any  attempt  to  (listinguish  tlie  relative  importance  of  substances 
utilised  in  ^lant  nutrition,  carbon  undoubtedly  ranks  first.  Every 
organic  substance  contains  carbon,  and  there  is  no  other  element  which 
could  supply  or  take  part  in  the  formation  of  so  many  or  such  a  variety 
of  substances,  both  in  living  organisms  and  in  the  chemical  laboratory. 
Organic  chemistry,  in  short,  is  merely  the  chemistry  of  carbon 
compounds. 

It  requires  no  chemical  analysis  to  realise  that  plants  actually 
contain  carbon,  although  in  an  imperceptible  form.  Every  burning 
splinter  of  a  match  shows,  by  its  carbonisation,  the  presence  of  this 
element.  An  examination  of  a  piece  of  charcoal  in  which  the  finest 
Blructure  of  the  wood  is  still  distinguishable,  shows  how  abundant  is 
the  carbon  and  how  uniformly  distributed.      Estimated  by  weight,  the 
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carbon  will  be  found  to  make  up  about  half  the  dry  weight  (when 
freed  from  water)  of  the  plant. 

Whence  do  plants  derive  this  carbon  1  The  "  humus  "  tfaieory, 
accepted  for  a  long  time,  assumed  that  the  humus  of  the  soil  was  the 
source  of  all  the  supply  ;  and  that  carbon,  like  all  the  other  nutrient 
substances,  was  taken  up  by  the  roots.  .  That  plants  grown  in  pure 
sand  free  from  humus,  or  in  a  waler-culture,  increase  in  dry  substance, 
and  conaetjuently  in  carbon,  clearly  demonstrates  the  falsity  of  this 
theory.  Tlie  carbon  of  plants  must  therefore  be  derived  from  other 
sources ;  and,  in  fact,  the  carbon  in  humua  is,  on  the  contrary,  due  to 
previous  vegetable  decomposition.  The  discovery  madfe  at  tlie  end  of 
last  and  the  beginning  of  the  present  century,  that  THE  CARBON  OF 

PLANTS   I.'*  DERIVED    FROM  THE  CABBOSIC    ACID    OF  THK   ATMOSPHERE, 

and  is  taken  up  by  the  action  of  the  green  leaves,  is  associated  with 
the  names  of  the  Dutchman  iNCiENHOUSS,  and  the  Geneva  Professors 
Se\EBieb  and  Theo.  DK  Sacssure.  This  discovery  is  one  of  tbe 
most  important  in  the  progress  of  the  natural  sciences.  It  was  by 
no  means  easy  to  prove  that  tlic  invisible  gaseous  excliange  between 
a  plant  and  the  atmosphere  constitutes  the  chief  source  of  nourish- 
ment ;  and  it  required  the  courage  of  a  firm  conviction  to  derive  the 
thousands  of  pounds  of  carbon  accumulated  in  tbe  trees  of  a  forest, 
from  the  small  proportion  contained  in  tbe  atmosphere. 

10,000  litTCB  of  air  contain  odI^'  4-5  1.  uf  carlionic  aoid,  irhich  weigb  8-10  grmns  ; 
]'[  of  this  weight  is  oxygen,  however,  and  only  ,\  carliou.  Accordingly,  10,000  litres 
of  air  contain  only  2  grama  of  carbon.  In  order,  therefore,  for  a  single  tree,  having 
a  dry  weiglit  of  5000  kilos,  to  acquire  its  2,500,000  grama  of  carbon,  it  mustdeprire 
12  million  cubic  metres  of  sir  of  their  carbonic  acid.  From  the  consideration  of 
thi'sc  Hgures,  it  la  not  strange  that  the  dii^covery  of  iNOF.Mlul'sa  was  uuwiUin'gly 
accepted,  and  afternardsrcjwted  and  forgotten.  Liebki  was  tlie  first  in  Germany  to 
again  call  attention  to  this  discovery,  whicli  to-daj  is  accepted  without  question. 
The  immensity  of  the  numbers  just  cited  are  not  so  ap[ialling  when  one  considers 
that,  in  apite  of  tlie  small  jiercentage  of  carbonic  acid  in  the  atmosphere,  the  actual 
supply  of  this  gas  is  estimated  at  about  3000  billion  kilos,  in  which  arc  lield  800 
bilLion  kilos  of  carbon.  This  amount  would  be  suHicient  for  the  vegetation  of  the 
entire  earth  for  a  long  time,  even  if  tlie  air  were  not  continually  receiving  nev 
supplies  of  carbonic  acid  throngh  the  respiration  and  decom]>osition  of  organisms, 
through  the  coaibustion  of  u'ood  and  coal,  and  through  volcanic  activity.  An 
adult  will  exhale  daily  about  900  grams  CO]  (215  grama  C).  The  1400  million 
human  helngs  in  the  world  iroiild  thus  give  back  to  the  air  1200  million  kilos 
of  COj  <340  million  kilos  C).  Tlie  CO,  discharged  into  the  sir  from  all  the 
chimneys  on  the  earth  is  an  enormous  amount.  The  Knipp  works  at  Essen, 
according  to  Uakki;>-,  send  out  daily  into  the  atmosphere  about  2,400,000  kilos  of 
carbon.  The  whole  carbon  supply  of  the  atmosphere  is  at  the  disposal  of  plants, 
as  the  COj  becomes  uniformly  distribnteii  by  constant  diffusion. 

Not  all  plants,  nor  indeed  all  parts  of  a  plant,  are  thus  able  to 
abstract  the  carbon  from  the  carbonic  acid  of  the  air.  Only  such 
organs  as  are  coloured  green  by  chlorophyll  are  capable  of  exercising 
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this  function,  for  the  chlorophyll  bodies  thetoselves  are  the  laboratories 
ID  which  this  chemical  process,  so  important  for  the  whole  living 
world,  is  carried  on.  From  these  laboratories  is  derived  the  whole  of 
the  carbon  which  composes  the  organic  substance  of  all  living  things, 
plants  as  well  as  animals.  Animals  are  unable  to  derive  this  most 
essential  element  of  their  bodies  from  inorganic  eources.  They  can 
only  take  it  up  in  organic  substances,  which  have  been  previously 
formed  in  plants.  Such  plants,  also,  as  are  without  chlorophyll,  as,  for 
example,  the  Fungi  and  some  of  the  higher  parasitic  plants,  are 
dependent  for  their  imtritiun  upon  organic  substances  previously 
formed  by  the  chlorophyll  bodies  of  other  plants. 

Within  the  past  ten  years  it  has,  indeed,  been  rejieatedly  deterniinod  tlmt 
cert*iD  uitrifyiug  bacteria  liaie  the  power  of  fomiiug  a  small  amount  of  organiu 
snbstaiicps  from  carbonates,  carbonic  acid,  and  ammonia.  The  process  by  nhicli 
the  organic  carbon  compound  ia  derived  must,  however,  be  altogatber  different  from 
that  of  green  plants,  as  the  bacteria  contain  no  chlorophyll,  and  their  nutritive 
activity  ia  in  no  way  dependent  upon  the  light. 

Roots  and  other  oi^ns  uuprovided  with  chlorophyll,  and  also  the 
colourless  protoplasm  in  the  green  cells  themselves,  are  similarly 
dependent  upon  the  activity  of  the  chloroplasts.  In  the  red-leaved 
varieties  of  green  plants,  such  as  the  Purple  Beech  and  Ked  Cabbage, 
the  chlorophyll  is  developed  in  the  same  manner  as  in  the  green  parent 
species,  but  it  is  hidden  from  view  by  a  red  colouring  matter  in  the 
epidermis  :  in  the  case  of  the  brown  and  red  Algae,  on  the  other  hand, 
the  chlorophyll  pigment  is  concealed  by  a  colouring  matter,  which 
is  contained  in  the  chromatophores  along  with  the  chlorophyll. 

The  derivation  of  carbon  from  carbonic  acid  and  its  conversion 
into  organic  substances  is  termed  Assimilation.  In  its  broadest 
sense,  and  especially  in  tlie  animal  kingdom,  the  word  assimilation  is 
used  for  all  nutritive  processes  by  which  the  nourishment  is  built  up 
into  the  substance  of  an  organism.  But  in  Botany  the  meaning  of  the 
term  has  gradually  been  restricted,  and  now  by  assimilation  the 
carbon  assimilation  of  the  chlorophyll  granules  alone  is  understood. 
Moreover,  all  the  other  so-called  processes  of  assimilation  are  dependent 
upon  carbon  assimilation. 

The  chlorophyll  bodies,  however,  cannot  independently  produce 
organic  substances  from  carbonic  acid  and  water,  but  require  the 
co-operation  of  light.  The  chlorophyll  apparatus  is  unable  to  assimilate 
without  light,  although  all  the  other  requirements  are  present  for 
active  assimilation.  A  definite  amount  of  heat  is  also  naturally 
necessary  for  chlorophyll  activity,  just  as  for  any  other  vital  process. 

The  vibrations  of  the  ether  perceptible  as  light,  supply  the  energy 
for  the  decomposition  of  carbonic  acid  and  the  production  of  carbon,  just 
as  other  vibrations  of  ether,  in  the  form  of  heat,  supply  the  energy 
requisite  for  the  working  of  a  steam-engine.      Not  all  light  vibrations 
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are  equally  capable  of  arousing  the  a«similatory  activity.  Just  as  the 
rays  of  dJfTerent  refrangibiJity  differ  in  their  action,  both  upon  the  eye 
and  the  photographic  plat«,  bo  they  have  a  different  effect  upon 
assimilation.  It  would  be  natural  to  suppose  that  the  chemically 
active  rays,  the  blue  and  violet,  which  decompose  silver  salts  and  other 
chemical  compounds,  would  also  be  the  most  effective  in  promoting 
the  assimilatory  activity  of  the  chlorophyll  bodies.  Exactly  the 
contrary,  however,  has  been  shown  to  be  the  case.  The  highly 
refractive  chemical  rays  have  little  or  no  effect  on  assimilation  ;  the 
red,  orange,  and  yellow  rays,  that  is,  the  so-called  illuminating  rays  of 
the  spectrum,  are  on  the  contrary  the  most  active. 

Id  tlie  blue-green  fresh-water  Algae,  and  al»>  in  the  bronn  sud  red  Seaweeds, 
in  which  tlie  ch tomato pli ores  contaia  true  cliloro|ihyll  in  addition  to  their  peculiar 
Hjiecial  colouring  matter,  the  maximuni  aAsiniilation  takes  plaec,  aeconling  toEycEi.- 
MAKN,  in  another  ])art  of  Che  nptictruin  than  it  dous  In  thocase  of  green  plants.  The 
assimilation  in  thene  Algae  seems  Endeed  to  be  carried  on  in  the  J>art  of  the  s)iectmm, 
the  colour  of  which  ia  com  piemen  tary  to  their  own.  All  the  rays  of  tlic  mixed 
white  light  are  usually  at  the  disjiosa]  of  plants  gronnng  freely  in  the  o]>en  air ; 
only  the  Seaweeds  found  in  deep  water  (at  the  most  but  200  m.  deep)  grow  in  i 
prevailing  blue  light,  while  the  deejier-lying  ti^ues  of  laiiil  plants  live  in  red  light, 
as  this  penetrates  further  into  the  jiarenchymatous  tissues. 

In  studying  the  ctTect  of  different  kinds  of  light  ii[K)n  assimilation,  it  is 
customary  either  to  use  the  se}iarate  colours  uf  the  solar  s|>ectrum,  or  to  imitate 
them  by  means  of  coloured  glass  or  coloured  solutions.  For  such  ex  [leriments  it 
will  lie  found  convenient  to  make  use  of  double-walled  bell-jars  filled  with  a 
solution  of  bichromate  of  potassium  or  of  ammoiiiaca]  cop[>er  oxides..  Plants  grovu 
under  jars  filled  with  the  first  solution,  which  allows  only  the  red,  orauge,  and 
yellow  rays  hi  pass  through,  assimilate  almost  os  actively  (90  per  cent)  as  in  white 
light  (100  [icr  cent).  Under  the  jars  containing  the  second  solution,  wLieh  readily 
permits  the  [w-ssage  of  the  photo-chemical  rays,  assimilation  is  eittremely  low  (G-T 
per  cent). 

But  little  is  known  with  regard  to  the  processes  carried  on  in  green  cells  during 
aasiniilation  ;  and'  although  it  is  evident  that  only  tbc  green  chloro])hjll  bodies 
are  cajiable  of  assimilating,  it  is  still  by  no  means  clear  what  ]>art  tlie  graeu  cliloro- 
pbyll  pigment  performs.  The  pigment  which  may  he  extracted  from  the  protoplasm 
of  the  ehlocopbyll  bodies  makes  up  only  a  small  part  of  their  substance,  and  gives 
no  reaction  from  which  its  operations  may  be  inferred.  Tlie  light  absorbed  by  the 
chlorophyll  pigment  also  stands  in  no  recognisable  relation  to  the  requirements  of 
assimilation  ;  fur  the  blue  and  violet  rayx,  which  are  inoperative  in  assimilation, 
are  most  strongly  absorbed  (see  p.  59).  It  has  not  as  yet  lieeu  determined 
what  part  the  mineral  constituents  of  the  transpiration  current  take  in  the 
process.  On  tbe  other  band,  the  protoplasmic  liody  of  the  chloroplasls  cannot 
assimilate  when  the  green  jiigment  in  not  present ;  that  is,  when  from  any  cause 
the  corpuscles  are  lacvented  from  turning  greeu.  For,  as  the  existence  of  the  green 
pigment  is  dependent  U]Kin  tbe  ])resence  of  iron,  U]ton  a  pro]>er  temperature,  and, 
with  few  exceptions  (Ferns,  Conifei's),  upon  tije  action  of  light,  its  formation  in  tbe 
chlorophyll  bodies  may  be  j'revented  by  dojniving  them  of  tbe  requisites  for  iw 
development.  The  ehromstopliores  will  then  remain  yellow  (in  leaves)  or  rfhlte 
(in  stems),  and  no  longer  assimilate. 
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As  a  result  of  the  chemical  processes  involved  in  the  decomposing 

activity  of  asBimilation,  only  the  special  end-product  and  one  by- 
product are  at  present  known.  Sachs  discovered  that  the  organic 
compound,  first  to  be  detected  as  the  special  ultimate  products  of 
assimilation  in  the  higher  plants,  is  a  carbohydrate,  which  may  either 
remain  in  solution,  or  in  the  form  of  STARCH  GRAINS  may  become 
microscopically  visible  at  the  points  of  its  formation.  In  the  case  of 
the  lower  plants,  in  the  Algae,  for  example,  the  first  visible  product  is 
often  not  starch  but  a  fatty  oil 

A  short  time  after  assimilation  begins,  in  sunshine,  sometimes 
within  five  minutes,  minute  starch  grains  appear  either  in  the  centre  or 
on  the  margins  of  the  chloroplasta.  These  grains  gradually  enlarge  until, 
finally,  they  may  greatly  exceed  the  original  size  of  the  cbloroplasts. 
Should,  however,  the  assimilation  cease,  which  it  regularly  does  at 
night,  then  the  starch  grains  are  dissolved  and  as  soluble  carbo- 
hydrates (glucose,  etc.)  pass  out  of  the  cell.  In  some  plants  (many 
Monocotyledons)  there  is  no  starch  formed  in  the  chloroplasts,  but 
the  products  of  assimilation  pass  in  a  dissolved  state  directly  into  the 
cell  sap.  In  exceptional  cases,  however,  starch  is  also  formed  where 
there  ia  a  surplus  of  glucose,  sugar,  and  other  substances,  as,  for 
example,  in  the  guard-cells  of  Monocotyledons.  This  seems  then  to  be 
a  reserve  substauce  rather  than  a  special  product  of  assimilation.  In 
Trcpaeoliim,  for  instance,  the  formation  of  cane- 
sugar  precedes  the  production  of  starch  in  the 
chloroplasts. 

The  formation  of  starch  may  be  shown  to  be 
a  direct  result  of  assimilation  by  means  of  the 
"iodine  reaction,"  and  without  the  aid  of  a 
microscope.  If  a  leaf  cut  from  a  plant  pre- 
viously kept  in  the  dark  until  the  starch 
already  formed  in  the  leaves  lias  become  ex- 
hausted, be  treated  with  a  solution  of  iodine 
after  being  first  discoloured  in  hot  alcohol,  it 
will  in  a  short  time  assume  a  yellowish  brown 
colour,  while  a  leaf  vigorously  assimilating  in 

the  light  will,  with  the  same  treatment,  take  Fm.  is^,— a  lar  sbawing  tiie 
a  blue-black  colour.  In  Fig.  182  the  result  iodine  rpiwiKm.  p»rtor.n 
of  the  iodine  reaction  is  shown  on  a  leaf,  " th« >irl|f oftii™i,'^'Af^. 
part  of  which  had  been  covered  with  a  strip  w»rds,  whon  irgat.-d  with  n 
of  dark  paper  or  tinfoil      The  cells  darkened       *^'","™  "'  ]'*''""•  *''"  i^ft 

u       .1.  1    -  c     1     r  J  f^""  iMfdarkenca  by  ll.o 

by  the  overlymg  paper  or  foil  formed  no  ovoriyinn  iinroii,  inviuK 
starch,  while  those  exposed  to  the  light  are  fofmci  no  "tnreii,  g«ve  no 
shown  by  the  iodine  reaction  to  be  full  of  ^^^"  macion.  {]  mt. 
it.  A  green  leaf  kept  in  air  devoid  of  car- 
bonic acid,  although  fully  exposed  to  the  light,  will  similarly  form 
no  starch. 
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Sensitive  leaves,  like  those  of  many  Leguminosa<;  often  suffer  more 
under  such  conditions  than  when  the  possibility  of  assimilation  is  pre- 
cluded by  their  being  deprived  of  light 

The  by-product  arising  from  the  assimilatory  process  is  PURK 
OXYGEN.  The  volume  of  oxygen  thus  set  free  is  equal  to  the  volume 
of  carbonic  acid  taken  in.  If  plants  assimilate  in  a  known  quajitity 
of  air  containing  carbonic  acid  gas,  its  volume  will  therefore  remain 
the  same.  The  chemical  process  of  assimilation  resulting  in  the  de- 
composition of  the  carbonic  acid  may  be  thus  expressed  : 
eCOj+SHjO^CoHioOs+eOj 

(S  lurch) 

From  this  chemical  equation  it  ie  evident  that  water  IS  RTk^UlsiTE 

FOR  THE  PROCESS  OF  ASSIMILA- 
TION. The  actual  composition  of 
starch  corresponds  rather  to  ft 
multiple  of  the  above  symbol,  or 
n(C||Hj(,Oj),  so  that  the  whole 
equation  should  be  multiplied 
bjn. 

N  The  oxygen  given  off  by  green 
plants,  although  not  perceptible 
wheu  they  are  growing  in  the 
open  air,  beeomes  apparent  in  the 
case  of  water-plants.  It  was,  in- 
deed, through  the  evolution  of 
bubbles  of  oxygen  from  water- 
plants  that  Ikgekhouss  first  had 
his  attention  called  to  the  assimi- 
latory activity  of  leaves.  To  see 
this  process,  it  is  only  necessary 
to  place  a  cut  stem  of  a  water- 
plant  in  a  vessel  of  water  exposed 
to  the  sunshine,  when  a  continuous 
series  of  small  bubbles  of  gas  will 
at  once  be  seen  to  escape  from  the 
intercellular  passages  intersected 
by  tiie  cut.  The  gas  thus  evolved 
may  be  collected  with  little  trouble 

water,  ara  placed  steii.K  of  E(<)ciHtd.(n«.(cMij;  be  chiefly  oxygen,  but  containing 

the  iTEBhiy-cut  ends  ot  ihe  Hterna  are  Intra-  ajgo  traces  of  nitrogen   and    Car- 

.      o(^""'iil^b^™™E!'h-'i.,^frI.'',un"  bonic    acid    taken    up    from    the 

em  Burhces,  poUect  at  .-i.   //,  swiid  to  »ui^  Water.      As  water  absorbs    much 

f  port  the  tmt-tiii*.  jggg    Oxygen    than    carbonic   acid 

(at  a  temperature  of  14°  C.  100  vols,  of  water  will  dissolve  only  3 
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vols,  of  oxygen,  but  100  vols,  of  carbonic  acid),  the  escaping  bubbles 
of  oxygen  become  visible;  whereas  the  flow  of  the  carbonic  acid 
dissolved  in  the  water  to  the  assimikting  plant  is  Imperceptible. 

Ailfticially  coudiicting  carbonic  acid  tlirough  tlte  water  increasL's,  to  «  certain 
degree,  tlic  evolution  of  oxygen,  sod  tliua  tlic  assiiuilatory  activity.  Sini[1(u-ly  an 
«rtiiicial  iucreasa  of  carbonic  acid  in  til«  air  i9  followed  by  increased  asaiinilation. 
In  sunshine  aaainiilatioa  attaios  ib^  niaxiiuum  in  air  containing  about  8  i>er  cent  of 
carbonicacid  ;  with  a  liigher  percentage  it  begins  to  decrease.  If  the  amount  of 
carbonic  acid  gas  be  increased  two  imudred  times  (from  O'OJ  per  cent  to  8  i)cr  cent  in 
the  ataiospliere),  the  formation  of  Htarch  is  only  increased  4-5  times. 

Carbon  monoxide  (CO)  cannot  be  utilised  by  green  plants  ;  it  cannot  take  the 
]ilacc  of  Clje  carbon  dtoiide,  and  is  poisonous  to  plants. 

Under  tlic  same  external  conditions,  the  assimilatory  activity  of  dilferent 
plante  may  vary  from  internal  causes.  In  the  same  time  and  with  an  equal  leaf 
surface,  one  plant  will  form  more,  and  another  less  carbohydrates.  In  this  sense, 
it  is  customary  to  speak  of  a  "spccilic  energy  of  assimilation,"  which  is  partly  due 
to  the  dilTcrent  number  and  size  of  the  chloroplasts,  as  well  as  to  a  difference  in  the 
lir-spnces  and  consequent  aeration  of  the  leaves,  but,  without  doubt,  has  also  its 
cause  in  their  greater  or  less  energy. 

As  examples  of  medium  assimilatory  activity,  the  leaves  of  the 
Sunflower  and  Pumpkin  may  be  cited.  Under  conditions  favourable 
for  assimilation,  the  leaves  of  these  plants  form  in  a  summer  day  of 
fifteen  hours  about  23  grams  starch  par  square  metre.  The  carbon 
for  the  formatioQ  of  the  starch  was  supplied  in  tliis  case  from  50 
cubic  metres  of  air.  A  room  of  120  cubic  metres  would  accordingly 
contain  enough  carbonic  acid  for  60  grams  of  starch.  From  these 
figures  a  faint  conception  may. be  gained  of  the  enormous  activity  of 
the  assimilatory  processes,  which  are  necessary  to  furnish  the  yearlj' 
grain  supply  of  a  large  country. 


The  Utilisation  of  the  Produets  of  Assimilation 

The  Fonnation  of  Albuminous  Substances. — The  chlorophyll 
bodies  supply  plants  with  organic  nourishment  in  the  form  of  a 
carbohydrate.  Although  the  greater  part  of  the  organic  plant  sub- 
stance consists  only  of  carbohydrates,  as,  for  example,  the  whole 
framework  of  cell  walls,  yet  the  living,  and  consequently  the  most 
important  component  of  the  plant-body,  the  protoplasm,  is  composed 
of  albuminous  substances.  These  albuminous  substances  have  a  com- 
position altogether  different  from  that  of  the  carbohydrates.  In 
addition  to  carbon,  oxygen,  and  hydrogen,  they  also  contain  nitrogen, 
sulphur,  and  frequently  phosphorus,  the  nitrogen  indeed  in  consider- 
able proportion  (about  15  per  cent).  Thkbe  takes  place  accord- 
ingly WITHIN  PLANTS  A  NKW  FORMATION  OF  ALBUMINOUS  SUIWTANCfcS 

VROM  THE  CARBOHYDRATES.     There  are  certain  indications  that  this 
formation  is,  in  part,  accomplished  within  the  green  cells  of  the  leaves, 
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but  it  must  also  be  carried  on  in  cells  devoid  of  dllorophyll,  as,  for 
instance,  in  those  of  the  Fungi. 

As  little  19  known  concerning  the  process  of  the  synthesis  of  tha  albumiuous 
substances  of  plnnts  as  coDccroin);  th^  formatiou  of  the  carbohydrates  from  the 
carbonic  acid  and  water.  It  has  generally  been  snpiwsed  that  tliey  are  formed 
from  tlie  carbohydrates  and  mineral  Hubstances  already  mentioned,  oa  these  are 
known  to  be  trans[iotted  to  tlie  region  where  the  formation  of  protojilasm  occurs, 
and  are  there  consumed.  Tlie  carbohydrates  utElised  in  this  jirocess  seem  to  be 
principally  [ili'''okk  (both  grape-sugar,  dextrose,  C«H,,0, -I- H^,  and  fruit-sugar, 
Iwvulose,  CflH„0,)  and  maltose  (C.HmO,,  +  HjO)  ;  for,  wbatever  may  be  the  form 
of  the  original  carbohydrate,  whether  starch,  iuulin,  cane-sugar,  reserve-cell uloae, 
or  glycogen,  glucose  or  maltose  is  alirays  the  Rut  product  formed  from  it. 

The  mineral  nitrates,  sulphates,  and  phoapbates  take  part  in  the  process, 
chiedy  in  the  form  of  potassium  and  magnexium  salts.  Xitn^en  and  sulphur  are 
liberated  from  the  nitrates  and  sulphates,  with  decom)i09ition  of  the  acid  radical.s  ; 
while  of  the  phosphates,  the  acid  group  is  utilised  in  the  formation  of  nuclein  in 
the  cell  nucleus.  Calcium  salts,  although  tliey  take  no  direct  ]iart  in  these  procesiies, 
seem,  nevertheless,  to  he  indispensable.  Their  im|iortance,  indeed  absohite  necessity, 
for  most  plants,  is  due  to  their  functioning  as  a  medium  for  conveying  tbe  mineral 
acids,  and  for  neutralising,  or  gireci  pita  ting,  injurious  by-prodilctK  which  are  produced 
in  the  formation  of  albumen.  Tlie  most  fre<]Uent  of  these  hy-[>roducts  is  oialic  acid 
{CjHfit),  which,  either  as  a  free  acid  or  as  a  soluble  potasxium  salt,  acts  as  a  poison 
u] ion  most  plants.  The  oxalate  of  potassium,  which  is  first  foimed  from  the  potassium 
nitrate,  reacts  with  the  calcium  salts  present,  with  the  formation  of  calcium  oxalate, 
which  is  only  slightlysoluhleand,  as  it  accumulates,  crystallisi's  out  and  thus  becomes 
harmless.  Wherever  the  formation  of  albumen  or  nuclein  takes  place,  oxalic  acid  is 
formed,  the  calcium  salts  of  which  may  usually  be  found  in  adjacent  cells  often  in 
enormous  quantities,  in  the  form  of  aggregates  of  crystals,  rophides,  or  crystal  sand. 

The  process  of  the  formation  of  oxalic  acid,  or  its  potassium  salt,  might  be  con- 
ceived of  as  taking  place  according  to  the  following  theoretical  equation: 

HjO  -1-  30 

Startiiigwltb  glucose  and  i>otasBium  nitrate,  there  would  be  formed  in  addition  to 
]iotasHiuni  oxalate,  water,  and  oxygen  (which  for  the  most  jiart  is  consumed  in  the 
respiration,  but  also  in  many  cases,  as  free  oxygen,  may  be  detected  or  estimated), 
an  amido  compound,  Aspaiiaois,  CaHi,[XHa)  {UOKHg)  (COOH).  Asparagin  is  a 
liody  which,  like  oxalic  acid,  is  widely  distributed  tlirougliout  the  vt^table 
kingdom.  Particularly  large  accumnlations  of  this  substance  (firat  discovered  in 
JijHtr/iijus)  are  found  in  etiolated  seedlings  of  many  Pajiilivaaefac  (1  litre  of  sap 
IVom  Beau  see<l>ings  contains  alwut  12-15  grams),  always,  however,  under  circum- 
stances wbicli  suggest  the  possibility  that  Asparaf^n  luirticipatea  in  the  synthesis 
of  tbe  albuminous  substances.  In  ail  probability  its  formation  jirecedes  that  of  the 
ultimate  proteid  substances.  Asparagin  is  soluble  in  n'atcr  and  watery  sap,  and  so 
is  in  a  jHisition  to  permeate  the  cell  wall,  which  tbe  colloid  albuminous  substances 
are  not  able  to  do  in  tbe  same  degree. 

Transfer  of  the  Products  of  Assimilation 
When  proteid  substances  are  to  be  conveyed  through  the  tissues, 
as,  for  example,  from  seeds  rich  in  proteids  into  the  seedlings,  they 
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first  become  dJESolved  and  form  soluble  amides.  They  are  in  this 
fonn  transferred  to  places  where  in  combination  with  carlwhydratea 
nnd  mineral  acids  they  are  used  anew  in  the  formation  of  albumen. 

Besides  asparagin,  there  are  etill  other  but  less  widely  diatributed  amidisa  found 
in  pliinla,  as  lbvcis,  tyhohis  (which,  like  asjmragin,  will  crystallise  out  on  treat- 
ment with  alcohol  as  glistening  splHerftea],  gt.utamin"  (in  the  Pumpkin),  betaik 
(in  the  TiuTiip),  also  .u.i.astiks,  etc. 

In  addition  to  the  transfer  of  nitrogenous  constructive  material 
through  the  parenchymatous  tissues,  the  long-distance  transport  of 
THE  READY-FORMKC  ALBi"MiNOUS  SUBSTANCES  seems  rather  to  take 
place  through  the  open  sieve-tubes  of  the  bast.  It  appears  to  be  in  the 
sieve-tiibeB,  which  contain,  during  life,  albuminous  substances,  starch 
grains,  and  drops  of  oil,  that  the  conduction  of  organic  substances  is 
effected  from  the  leaves  to  the  roots.  In  fact,  it  was  long  ago  con- 
cluded that  the  increased  thickening  of  the  cortical  layers  observed  just 
above  wounds  made  by  ringing  trees,  was  due  to  the  interruption  and 
detentiou  of  a  flow  of  nourishing  sap  through  the  bast  towards  the 
roots. 

The  transfer  of  the  carbohydrates  through  unbroken  cell  walls  to 
the  various  points  of  consumption  can  only  be  accomplished  when  they 
are  in  solution.  In  case  they  are  not  already  dissolved  in  the  ceil  sap, 
in  the  form  of  glucose,  maltose,  sugar,  or  inulin,  they  must  first  be 
converted  into  soluble  substances.  This  is  of  the  highest  importance 
for  the  transfer  and  utilisation  of  starch  and  reserve  cellulose.  They 
are  converted  by  the  influence  of  DIASTASR  into  glucose  or  maltose. 
Diastase  belongs  to  those  peculiarly  acting  substances  termed  UN- 
organised  FKEtMKNTS  OR  ENZYMES,  which  possess  the  remarkable 
power  of  decomposing  or  transforming  certain  organic  compounds 
without  themselves  becoming  changed  or  consumed  in  the  process. 
By  virtue  of  this  property  they  are  enabled  to  transform  unlimited 
quantities  of  certain  substances.  The  best  known  of  the  unorganised 
ferments  are  diastase,  which  converts  starch  into  maltose,  invertin, 
EJftiLsiN,  MYRO.SIN,  as  well  as  the  peptonisino  ferments  in  insecti- 
vorous plants  and  in  the  latex  of  various  plants. 

Tlieae  ferments  are  proteioaceous  substance",  which  in  manj  of  then  chemical 
reactions  resemble  living  protoplasm,  but  with  nhicli  they  must  not  be  con- 
fnsed.  Tbeir  power  of  esciting  fermentation  la  not  due  to  any  iital  property; 
they  are  simply  chemical  substances,  and  like  thim,  ulieii  in  solution  may  b« 
precipiiatei],  etc,  without  losing  an\  of  their  actiie  pnnciple?  Diaataao  for 
eianiple,  may  be  extracted  from  germinating  barley  seeds  by  i\ater  or  glycenne. 
After  it  has  been  precipitated  by  means  of  alcohol  and  dned  to  a  jxiwder,  it  may 
Again  be  dissolved  in  water,  and  will  still  be  in  a  couditjon  to  tranarorm  enormous 
■|iiantities  of  starch,'  especially  if  in  the  fonn  of  paste,  into  sugar. 

Other  snhstances  similar  to  diastase,  and  also  ca])able  of  dissolving  starch, 
are  widely  diatributed  throughout  the  vegetable  kingdom,  nnd  are  elaaspd  together 
as  diastatic  ferments.     Tbey  are  especially  abundant  in  starcliy  germinating  seeds, 
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as  well  as  in  tubers  and  biilbs,  in  leaves  and  young  sboots.  Tliey  have  also  been 
found,  strange  to  say,  in  organn  where  tbere  was  no  starch  for  Cbeni  lo  act  upon. 
The  diostatio  transformation  and  dissolntion  of  tlie  starch  is  accomplished  in  a 
peculiar  nianuiT.  The  starch  grain  is  not  dissolved  as  a  homogeneous  crystal, 
uniformly  from  the  surface  inwards,  but  becomes  corroded  by  narrow  canals,  until 
it  is  finally  completely  disorganised  and  fulls  into  small  pieces  (Fig.  184). 

The  transformation  of  the  starcli  formed  in  the  chlorophyll  corpuscles 
during  the  day,  takes  place,  as  a  rule,  at  night ;  for  in  the  daytime  the 
action  of  the  diastatic  ferment 
is  weaker,  and  is  also  counter- 
balanced by  the  formation  of 
new  starch.  The  glucose 
which  is  thus  produced  in  the 
leaves  passes  out  of  the 
raesophyll  cells  into  the  elon- 
gated cells  of  the  vascular 
bundle -sheath  3.  The  glucose 
.  and  maltose  are  transferred 
in  these  conducting  sheaths 
through  the  leaf-stalks  into 
the  stem.      Thence  they  are 

igea  ot  corrosion  ahown  by  the    conveyed  tO  the  yOUng  shoOlS 

otgennMting     re>.  ^^^j    j^^j^    ^^    carried    down 

1  roots ;  in  short,  they  are  finally  transported  to  places  where 
!  required  for  the  nutrition  of  the  plant.  The  glucose  and 
maltose  often  become  converted  into  other  carbohydrates  during 
their  passage  from  one  organ  to  another,  particularly  into  starch. 
Starch  thus  formed  from  other  carbohydrates,  and  not  directly  by 
assimilation,  is  often  referred  to  as  transitory  STARCH,  and  is  usually 
distinguishable  by  the  smaller  size  of  the  grains.  At  the  points  of 
consumption  these  carbohydrates  are  again  converted  into  glucose,  in 
which  condition  alone  they  seem  adapted  for  direct  nutrition. 
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The  Storage  of  Reserre  Haterlal 
All  the  products  of  assimilation  are  not  at  once  consumed.  In 
spite  of  this,  however,  assimilation  is  continued,  and  the  surplus 
products  beyond  the  requirements  of  immediate  consumption  are  accu- 
mulated as  KESER'\'E  MATERIAL  for  future  use.  Large  amounts  of  such 
reserve  material  are  accumulated  by  the  Ameincan  Agave  during  many 
periods  of  vegetation,  to  be  finally  expended  in  nourishing  the  immense 
inflorescence  with  its  hundreds  of  flowers  and  fruits.  In  our  herbs, 
bushes,  and  trees,  as  the  yearly  growth  and  consequent  consumption 
cease  at  the  end  of  each  vegetative  period,  and  as  the  assimilating 
organs  have  by  that  time  attained  their  greatest  expansion  and 
efficiency,  the  surplus  of  reserve  material  is  the  greatest  at  the  close  of 
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the  season,  and  is  stored  in  special  reservoirs  OF  RESKRVE  MATERIAL. 
All  growth  of  the  succeeding  year,  either  of  the  plants  themselves  or  of 
their  embryonic  offspring,  is  dependent  upon  the  existence  somewhere  of 
a  supply  of  reserve  material,  which  may  be  utilised  by  the  plant  imtil 
the  organs  of  assinjilation  are  developed.  Reserve  materials  will  accord- 
ingly be  found  sti^ed  in  different  forms  in  the  cells  of  the  embryo,  or 
in  the  surrounding  tissues  of  the  seed,  in  underground  rhizomes,  tubers, 
bulbs,  and  roots,  or  in  the  cortical  layers,  the  medullary  rays,  the  wood 
parenchyma  (especially  the  fibres),  and  the  medulla  of  persistent  steaia. 
Conveyed  to  these  depositories  of  reserve  material,  tlie  glucose  and 
maltose  are  again  converted  into  other  carbohydrates,  usually  starch, 
which  is  formed  from  them  by  the  activity  of  the  starch -producing 
leucoplasts.  In  other  cases  the  reserve  carbohydrates  take  the  form 
of  cane-sugar,  inulin,  or  reserve  cellulose  (e.g.  vegetable  ivory  in  the 
fruit  of  Phyteleplias).  Still  more  remarkable  is  the  transformation  of 
carbohydrates  into  fats  and  oils,  occuning  in  the  ripe  and  ripening 
seeds  of  many  plants,  in  fruits  (Olive),  and  also  in  strictly  vegetative 
tissues.  In  winter  the  starch  in  the  wood  of  many  trees  also  becomes 
converted  into  oO,  but  in  the  succeeding  spring  it  is  again  changed  to 
starch.  It  is  finally,  at  the  opening  of  the  buds,  converted  into  glucose 
or  maltose,  and  conveyed  by  the  transpiration  current  to  the  young 
shoots.  Other  receptacles  of  reserve  material  contain  scarcely  any  carbo- 
hydrate, but  on  the  other  hand  there  is  much  more  albuminous  matter 
in  the  form  of  thick  protoplasm,  aleiu'one  grains,  protein  crystals,  and 
fats  (seeds  of  Ridnus).  That  in  the  germination  of  young  plants  similar 
tissues  with  protoplasm,  nucleus,  cell  wall,  etc.,  are  formed  from  these 
ditTerent  materials,  seems  to  indicate  that  all  these  constructive 
mat«rialB  are  of  almost  equal  value  to  the  plants.  This  is  due  to  the 
fact  that  plants  can,  apparently  without  difficulty,  transform  the  carbo- 
hydrates, fats,  or  albuminous  substances  one  into  the  othei',  a  result 
not  yet  accomplished  by  chemical  processes. 

OUier  Products  of  H«taI>oUsm 

The  chemical  activity  of  the  vegetable  eell  is  by  no  means  exhausted  in  the 
production  of  the  Blibfitances  meutiooed  ;  the  increasing  number  of  clLeniioal  com' 
pounda  found  to  be  derived  from  the  flrat  product  of  assimilation  is  a  matter  of  con- 
tinual sur[irii.e.  Of  most  of  them  neither  the  manner  of  their  formation  nor  their 
full  importance  in  metabolism  is  understood.  The  conditions  are  not  even  folly 
known  which  are  necessary  for  the  formation  and  functional  activity  of  the  onoANlc 
ACID?  (malic,  tartaric,  citric,  etc.,  which  may  iu  part  be  considered  as  products  of 
imperfect  respiration)  and  tannins,  although  both  are  so  frequent  in  plants.  The 
function  of  the  clccohidbs  is  also  imperfectly  understood.  These  are  nitrogenous 
and  non-nitrogenous  compounds,  and  are  not  widely  distributed.  They  are  soluble 
in  water,  and  by  the  action  of  ferments  are  broken  up  into  glueoae  and  other  deri- 
vative products.  In  the  Antj/gdalueeae  they  appear  as  auvodalik,  in  the  Solajt- 
attac  as  the  polEtonous  so[.a!{in,  iu  the  Criici/crae  (mustard  seeds)  as  mykomic 
ACID,  iu  the  bark  of  the  Horse-ohestnut  as  the  e:ttremely  fluorescent  fsCL'LtN,  in 
species  of  Dit/iialii  as  the  poisonous  vicirAi.iN.      Conifekin,  which  is  contained 
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in  lignified  cell  walls,  and  e»l>ecially  iu  the  combiiil  sap  of  the  Conifers,  is  also  in 
eluded  in  the  glucosides.  CouiferiD  baa  recently  acquired  an  Monoluic  value,  u 
from  it  VANILLIN,  the  aroiUBtic  iirinciple  of  vanilla,  may  be  artiliciall;  produced. 
In  this  process  the  coniferin  is  decomposed,  through  the  action  of  a  ferment  or  acid, 
into  gliicone  and  coniferylaldbhol,  through  the  oxidatiou  ijB  which  its  aldehjde, 
vanillin,  is  formed,  Z 

It  is  aa  yet  unkuoivn  what  jiart  in  the  metabolic  proJIases  of  plants  is  per- 
formed by  the  sittek  phinciflf.s,  such  as  the  lupulin  of  Hops,  ai.oik  of  Aloes, 
ABsn-'THi);  of  Wormwood.  There  is  the  same  uncertainty  with  regard  to  the 
functions  of  the  alkaluids.    Since  most  alkaloids,  STUYCHNifi,  BRUcis',  vekatrik, 

CONIIS,  HUSCABIN,  ATKOPIS,    QUIKIK,    MORPHIK,  CODEIN,    COFFEIS    (thein),  THIO- 

BKOHIH,  ACOKiTiN,  MCOTiN,  FiLOTARFiy,  cucAiNE,  etc.,  are  Violent  poisons,  their 
Bgetable  bases  and  repugnant  bitter  principles  furnish  a  certain  protectiui 
>  plants  against  destructive  animals.  This,  however,  does  not  preclude  the 
osatbility  that  they,  like  the  poisonous  oxalic  acids,  may  at  the  same  time 
avc  an  important  phyaiological  significauce. 

Tlie  colouring  matters  and  ethereal  oils,  although  in  actual  weight  present 
ily  in  small  quantities,  make  themselves  particularly  noticeable  to  the  senses 
'  sight  and  smell.  They  probably  represent  only  by-  and  end-pi'oducts  of  meU* 
oliam  ;  and,  with  the  exception  of  clilorophyil,  take  no  further  part  in  the  vital 
roccBses  of  plants,  except  in  so  far  as  they  arc  beneGcial  to  the  general  well- 
eing  by  enticing  (e.g.  flowers,  fruits)  or  repelling  animals.  Tlieir  biological  signili- 
ince  is  accordingly  much  better  known  than  their  physiological  function.  Jiuta; 
10  ethereal  oils  are  frequently  found  in  special  excretory  receptacles,  the  resins, 
iim-resins,  and  gum-mucilages,  which  are  also  excretion  products,  are  usaallv 
^posited  in  canals  or  glandular  cavities  (p.  88),  and  are  often  mixed  with  ethereal 
Is.  Whether  their  formation  in  the  j«rticular  instances  is  necessary  for  tbr 
Lrrjing  out  of  the  normal  processes  of  metabolism  is  altogether  uncertain.  Thej 
'e,  at  any  rate,  useful  to  ]>lant;s  when  wounded,  serving  as  a  protection  agaiijt 
raporatiou  and  the  attacks  of  parasites. 

Tho  significance  of  the  ao-callod  india-ruhhei  (cAiiUTi'HOUC)  and  at'TTA-PERCHJ 
u  the  latex,  p.  73)  in  the  economy  of  the  plant  is  still  less  known.  In  addition  to 
lese  aubstances,  there  also  occur  in  latex,  resins,  ethereal  oils,  alkaloids  (in  oinum), 
Arch  grains  and  other  carbohydrates,  oil-drops  and  albuminous  substances, 
he  presence  of  these  substances  iu  the  latex,  valuable  as  constructive  material, 
id  occasionally  also  of  active  enzymes  (peptonisiug  ferments  are  found  in  tiie 
ilky  juice  of  t'tcva  Caricu  and  Cariea  Papaya),  gave  rise  to  the  suggestion  tliit 
le  latex  cells  and  tubes  function  in  the  transport  of  tho  nutrient  matter.  It  ba, 
jwever,  been  found  that,  even  in  starved  plants,  the  latex  remains  uncansumed; 
id  the  ]>resent  knowledge  of  these  often  caustic  and  poisonous  saps  is  limited  to 
leir  external  utility  in  the  economy  of  plant  life.  By  their  ohnoxious  jiropertiea 
>ey  defend  plants  from  the  attacks  of  enemies.  Also,  in  the  event  of  {ilants 
ling  wounded,  the  latex  is  pressed  out  cither  by  the  surrounding  turgescent  tissue 
'  by  the  tension  of  the  elastic  nails  of  its  own  cells,  and  forms,  as  it  quickly 
lagtllates  in  the  air,  an  efficient  covering  for  the  wound.  In  otiier  plants,  especi-  - 
ly  in  trees,  wound-gum  serves  the  same  purpose  {p.  81). 

Special  Processes  of  Nutrition 
Parasites,  Sapropliytes,  Symbionts,  and  Insectivorous  Plants.— 

he  acquisition  of  organic  nutritive  substances  through  the  activity  of 
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assimilating  green  cells  is  the  most  frequent,  and  is  consequently  con- 
sidered the  normal  method  of  plant  nutrition.  Other  modes  of 
nutrition  are  only  possible  at  the  cost  of  oi^aiiic  substances  already 
produced  by  the  assimilating  activity  of  green  cells.  The  de- 
-  pendeut  relatione  existing  between  the  colourless  and  green  cells, 
uid  between  the  leaves  and  roots  of  all  green  plants,  have  already 
heen  pointed  out.  Just  as  in  the  case  of  the  cells  devoid  of 
chlorophyll,  some  plants  also  forgo  all  attempts  to  develop  an 
adequate  chlorophyll  apparatus,  and  by  so  doing  lose  al)  ability  to 
provide  tliemselves  with  nourishment  from  the  inorganic  matter  about 
tbem. 

Great  numbers  of  such  colourless  pknts  derive  their  nourishment 
from  the  bodies  of  dead  animals  and  plants.  Al!  organic  matter  at 
one  time  or  another  falls  into  the  power  of  such  plants  as  are  devoid 
of  chlorophyll ;  it  is  chiefly  due  to  their  decomposing  activity  in  the 
performance  of  the  nutritive  processes  that  the  whole  surface  of  the 
earth  is  not  covered  with  a  thick  deposit  of  the  animal  and  plant 
remains  of  tlie  past  thousands  of  years.  These  peculiar  plants  are  not 
satisfied  with  the.  possession  of  the  lifeless  matter  alone  ;  they  even 
seize  upon  living  organisms,  both  animal  and  vegetable,  in  their  search 
for  food. 

It  is  chiefly  the  vast  number  of  Fission-Fungi  (Bacteria)  and  true 
Fungi  which  nourisli  themaelv^  in  this  way  as  pakasitbs  (upon  living 
organisms)  or  as  saprophytes  (upon  decaying  remains  of  animals  and 
plants).  But  even  some  species  of  the  most  widely  separated  families 
of  the  higher  phanerogamic  plants  have  also  adopted  this  method  of 
obtaining  food. 

As  a  result  of  this  modification  of  their  manner  of  life,  the  oi^ani- 
sation  and  functions  of  these  higher  plants  have  undergone  the 
most  remarkable  transformation.  From  the  corresponding  changes  in 
their  external  appearance,  it  is  evident  how  far-reaching  is  the 
influence  exercised  by  the  chlorophyll.  With  the  diminution  or  com- 
plete disappearance  of  the  chlorophyll,  and  consequent  adoption  of  a 
dependent  mode  of  life,  the  development  of  large  leaf  surfaces,  so 
especially  fitted  for  the  work  of  assimilation,  is  discontinued.  The 
leaves  shrink  to  insignificant  scales,  for  with  the  loss  of  their  assimi- 
latory  activity  the  exposure  of  larger  surfaces  to  the  light  is  no  longer 
essential  for  nutrition.  For  the  same  reason  active  transpiration 
becomes  unnecessary ;  the  xylem  portion  of  the  vascular  bundle  re- 
mains weak,  and  secondary  wood  is  feebly  developed.  In  contrast  to 
these  processes  of  reduction  resulting  from  a  cessation  of  assimilation, 
there  is  the  newly-developed  power  in  the  case  of  parasites  to  [lenetrate 
other  living  organisms  and  to  deprive  tbem  of  their  assimilated  products. 
In  saprophytic  plants,  however,  where  the  question  is  merely  one  of 
absorbing  nourishment  from  organic  remains,  the  external  adaptations 
for  taking    up  nourishment  continue  more  like  those  for  absorbing 
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the   mineral   salts   from  the  soil,  for  it  then  depends  only  upon  an 
intimate  union  with  the  decaying  subatancea. 

Cua^uta  curo]raca  (Fig.  185)  may  be  citPii  as  an  example  ot  a  parasitic  Plianero- 
gam,  a  ]ilaut  belonging  to  llip  family  of  tlip  Cinno/vulacr/f.,  Although,  through 
the  possession  of  ehlorophyll,  it  seerns  to  aonie  extent  to  resemble  normally  issimi- 


latiiig plants,  in  reality  the  amount  of  ililorophyll  pieaent  is  small,  while  the  leaves 
ore  reduced  to  mere  Hcalea.  And  as  the  devices  for  a  {larasitie  acquisition  of  nourish' 
mciit  are  so  easily  sceo,  much  more  so,  for  instance,  than  in  pai-asites  which  attack 
their  host-plant  underground,  it  will  be  at  ones  evident  that  Ciismta  (Dodder) 
affords  an  example  of  a  wonderfully  well -equipped  parasite. 

The  embryonic  Cnscuta  plantlet,  coiled  up  in  the  seeda,  pushes  up  from  the 
ground  in  the  Spring,  but  even  then  it  makes  no  use  of  its  cotyledons  as  a  source 
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ofnoorishment ;  they  always  remain  in  an  undeveloped  condition  (Fig.  185,  at  the 
light).  Nor  does  any  underground  root  system  develop  from  the  young  rootlet, 
which  howeTer  soon  dies  off.  The  teedling  becomes  at  once  drawn  out  into  a 
long  thin  filament,  the  free  end  or^hich  moiea  in  broad  circles,  and  so  Inevitably 
diacovers  any  plant,  available  as  a  host  that  maj  be  growing  within  its  reach. 
In  case  its  search  for  a  host-plant  ia  u  neucceasful,  thi-  seedling  is  still  able  to  creeji 
a  short  distance  further  at  the  expense  of  the  nourishiug  matter  drawn  from  the 
other  extremity  of  the  filament,  which  then  dies  off  (<]  as  the  growing  ex. 
Cremity  lengthens.  If  the  tree  end,  m  the  course  of  itn  circular  movements,  comes 
ultimately  into  contact  with  a  proper  nounsliing  plant,  such  as,  fur  example, 
the  stem  of  a  Nettle  or  a  young  Willow  shoot  (Fig.  185,  in  the  centre),  it  twines 
closely  about  it  like  a  climbing  plant.  Papillose  protuberances  of  the  epidermis 
are  developed  on  that  side  of  the  parasitic  slem  in  contact  with  the  host-plant, 
and  pierce  the  tissue  of  the  host.  If  the  conditions  are  favourable,  these  pre- 
HAI'STORIA  are  soon  followed  by  special  organs  of  absorption,  the  uirsTOiiiA  (S). 
These  are  peculiarly  developed  adventitious  roots  which  arise  from  the  internal 
tissues  of  the  parasite,  and  possess,  in  a  marked  degree,  the  capability  of  penetrat- 
ing to  a  considerable  depth  into  the  body  of  the  host-plant  by  means  of  solvent 
ferments  and  the  pressure  resulting  from  their  own  growth.  They  invade  the  tisanes 
of  the  host,  apparently  without  difficulty,  and  fasten  themselves  closely  upon  its 
vascular  bundles,  while  single  hyphal-like  filaments  produced  from  the  main  part  of 
the  haustoria  (lenetrate  the  soft  parenchymatous  cells  and  absorb  noDrishmcnt  from 
Ihem.  A  direct  connection  is  farmed  between  the  xylem  and  phloem  portions  of 
the  bundles  of  the  host-plant  and  the  conducting  system  of  the  )iarasite,  for  in  the 
thin-walied  tissue  of  the  lianstoria  there  now  develop  both  wood  and  sieve-tube 
elements,  which  connect  the  corresponding  elements  of  the  host  with  those  of  the 
parasitic  stem  (Fig.  185,  at  the  left).  Like  an  actual  lateral  organ  of  the  host- 
plant,  the  parasite  draws  its  transpiration  water  from  tlie  xylem,  and  its  plastic 
notrient  matter  from  the  )>hloem  of  its  host.  The  haustoria  of  Orobaiichc  (Broom 
rape),  another  parasite,  iienetrate  only  the  roots  of  the  host-plant,  and  only  its 
light  yellow  or  reddish-brown  or  amethyst-coloured  flower-shoot  appears  above  the 
aniface  of  the  ground.  Orobaaelie,  like  Ctiscata,  alno  contains  a  smaU  amount  of 
chlorophyll.  Both  are  dreaded  pests  ;  they  inOict  serious  damage  upon  cultivated 
plants,  and  are  difficult  tu  exterminate. 

JIany  parasitic  plants,  especially  the  Rafflesiacmr,  have  become  so  completely 
transformed  by  their  parasitic  mode  of  life  that  they  develop  no  apiwrcnt  vegetative 
body  at  all  ;  but  grow  altogether  within  their  liost-plant,  whence  they  send  out  at 
intervals  their  extraordinary  flowers.  In  the  case  of  Filastylca,  a  parasite  which 
lives  on  some  Asiatic  s[>euies  of  Astragalus,  the  whole  vegetative  body  is  broken 
up  into  single  cell  filaments,  which  penetrate  the  host-plant  like  the  mycelium  of 
a  fimgus.  The  flowers  alone  become  visible  and  protrude  from  the  leaf-axils  of 
the  host-plant. 

In  addition  to  these  parasites,  which  have  come  to  be  al)solutely 
dependent  upon  other  plants  for  their  nourishment,  there  are  certain 
parasites  which,  to  judge  by  external  ajjpearances,  seem  to  be  quite 
independent,  for  they  possess  krge  green  leaves  with  which  they  are 
able  to  assimilate  vigorously.  In  spite  of  this,  however,  these  plants 
only  develop  normally,  when  their  root  system  is  in  connection  with 
the  roots  of  other  plants  by  means  of  disc-shaped  haustoria.  Thesium, 
belonging  to  the  Santalaceue,  and  the  following  genera  of  the  Uhynnn- 
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thaceae,  Hhinanthus,  Euphrasia,  and  Peilicularis,  may  he  mentioned  as 
examples  of  plants  showing  these  peculiar  conditions.  Another 
member  of  the  same  natural  order,  Melampynim,  has,  on  the  other 
hand,  developed  a  saprophytic  mode  of  life.  The  Mistletoe  (VUrma 
allmm),  although  strictly  parasitic,  possesses,  nevertheless,  like  many 
of  the  allied  foreign  genera  of  the  Loranthaceae,  fairly  large  leaves 
well  supplied  with  chlorophyll,  and  fully  able  to  provide  all  the 
carbohydrates  required. 

Humus  plants,  like  some  of  the  Oirhidacme  {Neoltut,  CoraUiorrbhi, 
etc.),  and  the  Momlropeae,  are  restricted  to  a  purely  eapropbytic  mode 
of  nutrition,  and  to  that  end  utilise  the  leaf-mould  accumulated 
under  trees.  The  thick  roots  or  rhizomes  of  these  plants  offer  so 
little  surface  for  the  absorption  of  nourishment,  that  it  appears  as  if 
the  threads  of  the  Fungi,  which  are  always  found  knotted  and  coiled 
together  in  their  outer  cells,  and  the  free  ends  of  which  spread  out  in 
surrounding  humus,  must  in  some  way  co-operate  in  their  nutritive 
processes. 

The  toots  o[  ^ecQ  plania  which  live  in  s  aoil  rich  in  decaying  vegetable  mitter 
poaBesB  similar  fungoid  growths  vrliich,  aa  in  the  above -aentioned  Orchidi,  lie 
partiy  rolled  up  in  the  root-cells,  and  in  part  spread  out  in  the  humas.  latervoien 
masses  of  h;ph%  sometimes  so  thickly  surround  and  encircle-  tlie  joung  root-tips 
that  a  direct  absorption  by  the  roots  from  the  soil  ie  rendered  impossible.  These 
give  rise  to  a  formation  known  as  Mtcuiluhiza.  In  this  manner,  according  to 
Fkank,  die  root-tips  of  the  forest -forming  Cupuli/trat  and  Coniferat,  as  also  uf 
many  Erieaceat,  are  always  covered  by  a  fungus  sheath.  This  fungus  vegetation 
appears  to  be  in  no  nay  injurious,  but,  on  the  contrary,  probably  of  benefit,  at  least, 
judging  from  the  results  of  culture  experiments  made  with  these  plants  without 
mycorrhiza.  As  yet,  the  mutual  relations  existing  between  tbe  Fungi  and  the 
flowering  jilants  is  not  fully  understood  ;  possibly  their  connection  may  be  s  sym- 
biotic one,  in  which  the  fungus  hyphte  perform  for  the  trees  the  functions  of  the 
root-liairs,  and,  in  turn,  receive  from  tbe  tree  a  part  of  their  nourishment. 

A  marvellous  relation  between  roots  and  Bacteria  exists  in  the  case 
of  the  Leffuminosae.  It  has  long  been  known  that  peculiar  outgrowths, 
the  so-called  ROOT-TITBerclbs,  are  found  on  the  roots  of  many  Lf^- 
ininosae  (Bean,  Pea,  Lupine,  Clover,  etc.)  (Fig.  186).  Within  the 
last  few  years,  the  astonishing  discovery  has  been  made  that  these 
tubercles  are  caused  by  certain  Bacteria,  chiefly  by  Rhuobium  le^mi- 
nosaniiit  (Barillns  radickola).  These  Bacteria  penetrate  through  the 
root-hairs  into  the  cortex  of  the  roota,  and  there  give  rise  to  the  tuber- 
cular growths.  These  tubercles  become  filled  with  a  bacterial  moss, 
consisting  principally  of  swollen  and  abnormally  developed  {hypertro- 
phied)  Bacterioids,  but  in  part  also  of  Bacteria  which  have  remained 
in  their  normal  condition.  Tbe  former  seem  to  be  eventually  consumed 
by  the  host-plant,  while  the  latter  remain  with  the  dead  roots  in  the  soil, 
to  provide  for  future  reproduction.  As  the  experiments  of  Hbllrirgel 
and   the  investigations   of  Nobbe,  Beyerinck,  and  FRANK  prove. 
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we  have  here  another  example  of  aymbioais,  in  which  the  Legjiminome 
furnish  carbohydrates  to  the  Bacteria,  which,  in  turn,  possess  the  power 
of  taking  up  free  nitrogen,  and  passing  it 
on  to  the  host  in  an  available  form  (p.  1 7  3). 
This  is  at  least  certain  ;  the  Legaminosac 
with  such  tubercles  contain  at  maturity 
more  nitrogen  than  could  have  been  pro- 
cured from  the  nitrates  and  other  substances 
in  the  soil  in  which  they  grow. 

In  addition  to  increasing  the  supply  of 
nitrogen,  the  ptBsence  of  Rki:oUum  seems  , 
to  exert  a  favourable  influence  on  the  growth 
of  its  hostrplant.  Peas  and  Lupines  do  not 
thrive  well  in  even  the  richest  soil,  if  it 
has  been  sterilised,  and  the  formation  of 
the  tubercles  prevented.  On  the  addition 
of  other  unsterilised  soil  in  which  the  Bac- 
teria are  known  to  exist,  the  tubercles  will 
then  appear  on  the  roots,  the  plants  become 
at  once  stronger,  and  show  by  their  in- 
creased growth  a  greater  activity  of  their 
metabolic  processes. 

While  parasitism  or  saprophytism  is  of 
rare  occurrence  among  the  higher  plants, 
and  confined  to  single  species,  in  which  it 
often  occurs  only  irregularly  and  is  depen- 
dent upon  the  environment,  among  the 
lower  plants  it  is  more  general ;  large 
families  with  innumerable  genera  and  species 
are  found  completely  devoid  of  chlorophyll  * 
(Fungi  and  Bacteria),  and  altogether  para- 
sitic or  saprophytic  in  their  mode  of  life. 
Of  the  Fungi  and  Bacteria  some  are  true  parasites,  and  are  often 
restricted  to  certain  special  plants  or  animals,  or  even  to  distinct 
organs;  others,  ^ain,  are  strictly  saprophytic  in  their  habit,  while 
others  may  be  either  parasitic  or  saprophytic,  according  to  circum- 
stances. What  renders  the  conduct  of  these  lower  organisms  parti- 
cularly striking,  is  the  peculiarity  possessed  by  many  of  them  of  not 
fully  utilising  all  of  the  organic  matter  at  their  disposal ;  but,  on  the 
contrary,  so  decomposing  and  disorganising  the  greater  part  of  it  by 
their  fermentative  activity  that  their  own  development  soon  becomes 
restricted.  When  Yeast-fungi  develop  in  a  litre  of  grape- juice 
they  use  very  little  of  it  for  their  own  nourishment,  but  by  far  the 
greater  part  of  it  becomes  decomposed  by  the  fermentation  they 
induce.  As  a  result  of  this  fermentation,  together  with  the  pro- 
duction of  carbonic  acid,  the  grape-sugar  solution  becomes  converted 
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into  an  alcoholic  liquid,  containiog  small  amouota  of  glycerine, 
succinic  acid,  and  eater-like  compounds  in  which  the  yeast  itself  can  no 
longer  thrive.  The  nourishing  material  of  the  litre  of  grape-juice  could 
have  supported  a  vastly  larger  quantity  of  yeast  had  the  fermentatioa 
not  set  in.  In  the  same  manner,  when  Mucor-fungi  attack  an  apple, 
they  not  only  take  the  small  amount  of  organic  matter  necessary  for 
their  sustenance,  but  at  the  same  time  convert  the  whole  apple  into 
a  soft  decaying  mass.  In  addition  to  this  peculiar  nutritive  activity, 
intramolecular  respiration  (p.  319)  is  also  active  in  the  promotion  of 
fermentation  and  putrefaction.  A  considerable  degree  of  heat  is  also 
evolved  in  the  course  of  these  processes.  The  u^lisation  of  this 
heat  in  making  hot-beds  is  a  familiar  practice.  The  heat  produced  by 
damp  fermenting  hay  or  raw  cotton  may  often  become  so  great  that 
spontaneous  combustion  ensues.  In  germinating  Barley  an  increase 
in  temperature  of  from  40  to  70  or  more  degrees  has  been  observed. 
The  development  of  so  much  heat  in  this  case  is  Dot  due  solely  to  the 
respiration  of  the  barley  seeds,  but,  according  to  Cohn,  to  the  decom- 
posing activity  of  a  fungus  (Aspergillus  fumigalus).  The  spontaneous 
combustion  of  raw  cotton  is,  on  the  other  tiand,  caused  by  a  Miero- 
eoccus.  Coagulated  albumen  and  thick  gelatine  are  rendered  fluid 
by  many  Fungi  and  Bacteria,  while  the  escaping  gases  (carbonic  acid, 
sulphuretted  hydrogen,  ammonium  sulphide,  ammonia,  etc.)  show 
how  deep-seated  is  the  decomposition.  It  is  by  similar  processes  of 
decomposition  that  dead  organic  matter  becomes  thoroughly  dis- 
organised and  rendered  harmless.  To  the  decomposing  action  of 
Fungi  and  Bacteria  is  due  the  severity  of  many  diseases  which  they 
produce  in  living  organisms  (potato  disease,  wheat  smut,  cholera, 
typhus,  diphtheria,  anthrax,  etc).  By  the  possession  or  formation 
of  substances  (alexino,  antitoxine),  which  react  as  specific  poisons 
upon  the  infecting  Bacteria,  plants,  and  particularly  animals,  in  turn 
protect  themselves  against  the  attacks  of  such  micro-organisms.  It  is 
due  to  a  knowledge  of  this  fact  that  the  science  of  Therapeutics  has 
been   enabled   to  cope  more   and  more    siiccessfully   with   infectious 


Fungi  and  Bacteria,  in  addition  to  the  power,  dangerous  to  them- 
selves, of  disoi^anising  their  oivn  nutrient  substratum  by  fermentation 
and  putrefaction,  also  possess  the  capability  of  making  an  unsuitable 
substratum  suitable  for  their  sustenance.  By  means  of  inverting 
ferments  they  can  convert  an  unsuitable  cane-sugar  into  an  available 
grape-sugar,  and  by  their  diastatic  ferments  they  are  able  to  fonn 
starch  from  glucose  and  maltose. 

As  is  evident  from  their  thriving  upon  such  various  substrata, 
Fungi  have  the  power  of  producing  from  the  most  different  carbon 
compounds  (and  also  from  nitrogenous  mineral  compounds  such  as 
ammonium  tartrate,  or  even  ammonium  carbonate)  protoplasm,  cell 
wall,  nuclein,  fat,  glycogen,  etc.     It  is  also  an  astonishing  fact  that, 
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while  certain  Fungi  and  Bacteria  do  not  require  free  oxygen  for  their 
development  (Anaerobionts),  others  (the  ao-called  aerobiotic  forms)  are 
unable  to  develop  or  indeed  to  exist  without  oxygen. 

While  many  Fungi  inflict  far  greater  injury  upon  their  hostrplants 
by  the  decomposition  they  induce,  than  by  the  withdrawal  of  the 
nutritive  substances,  others  produce  a  different  eff'ect.  The  Rust-fungi, 
for  instance,  do  comparatively  little  injury  to  their  host ;  while  the 
relation  between  host  and  Fungus  in  the  case  of  the  Lichens  has  been 
shown  to  be  absolutely  beneficial.  The  Lichens  were  formerly  considered 
to  be  a  third  group  of  the  lower  Cryptogams  and  of  equal  value  with 
the  Algae  and  Fungi.  It  is  only  in  recent  years  that  the  astounding 
discovery  was  made  by  De  Bary  and  verified  by  the  investigations 
particularly  of  Schwendener,  Reksh,  and  Stahl,  that  the  body  of 
the  Lichens  is  not  a  single  organism,  but  in  reality  consists  of  Algae 
(e.g.  fission  -  Algae),  which  also  exist  in  a  free  state,  and  of  Fungi, 
which  for  the  moat  part  belong  to  the  Ascomycetes.  The  Fungus 
hyphae  within  the  Lichen  weave  themselves  around'  the  Algae ;  and 
while  the  latter  occupy  the  upper  or  outer  side  of  the  leaf-like  or 
cylindrical  thallua  as  the  more  favourable  position  for  assimilation, 
the  hyphae  come  into  the  closest  contact  with  them  and  absorb  from 
them  part  of  their  assimilated  products.  The  Fungi  in  return  provide 
the  Algae  with  nutrient  water,  and  euable  them  to  live  in  situations 
in  which  they  could  not  otherwise  exist.  As  a  result  of  this  close 
union  with  the  Fungi,  the  Algae  are  in  no  way  exhausted,  but  become 
more  vigorous  than  in  their  free  condition,  and  reproduce  themselves 
by  cell  division.  As  both  symbionts,  the  Algae  as  well  as  the  Fungi, 
thus  derive  mutual  advantage  from  their  consortism.  Lichens  form  one 
of  the  most  typical  examples  of  vegetable  symbiosis. 

The  cause  of  the  regular  appearance  of  th^  fission-Algae  Nostoc 
and  Anahaena  in  the  roots  of  the  Cycadeae  and  in  the  leaves  of 
AzoUa  and  other  water-plants  is  much  less  easy  to  explain. 

Inconaectian  vith  these  easuss  of  symbiosis  between  plaotx,  meatioD  may  here 
be  made  of  the  aimilar  symbiotic  relation  esiatiug  between  animals  and  plants. 
Like  the  Licben-fnDgi,  the  loiver  animals,  according  to  Brakdt,  profit  by  an 
ansooiation  with  unicellular  Algae  by  appropriating  their  asaitnilatcd  products  with- 
out at  ttie  same  time  disturbing  the  performance  of  theic  functions.  Fresh-water 
Polyps  {Hydra),  Sponges  [Spongilla),  Ciliaia  (Stenlor,  Parameeiuin),  also  Helio- 
loas,  Fernui  {Planaria),  and  Anwehac  {A.  proleas)  are  often  characterised  by  a  deep 
green  colour,  due  to  numerous  Algae  which  they  harbour  within  their  bodies,  and 
from  the  products  of  whose  assimilation  they  also  derive  nourishment.  In  the  case 
of  the  Radiolarias,  the  so-called  "  yellow  cells,"  which  have  been  distinguished  as 
yellow  unicellular  Seaweeds,  function  in  the  same  way  as  the  green  Algae  in  the 
other  instances.  Another  remarkable  example  of  symbiosis  in  which  the  )%Ution- 
■hip  is  Dot  one  merely  of  simple  nutrition,  has  b«en  develoiwd  between  certain 
plants  and  anti.  The  so-called  ANT-Pl,.iNT3  {Myrinccophylae)  offer  to  certain  small 
extremely  warlike  ants  a  dwelling  in  convenient  cavities  of  the  stems  {Ceeropia), 
in  hollow  thorns  (AcarAa  spadieiijera  and  sph/icrocephala,  Fig.  187,  iV),  in  swollen 
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uid  inflated  internodes  (Ci/rdui  Tiodoia},  or  in  the  kbyriDthine  passages  of  their 
'large  atem-tubera  {M-i/rmModia).  At  the  same  time  the  aats  are  provided  vitb 
food  in  the  case  of  tlie  Cecropiaa  and  Acacias  in  the  fonn  of  albuminous  fatt; 
bodies  ("food  bodies,"  Fig.  187,  F),  and  by  the  Acacias  also  with  nectar.  The 
ants  in  exchange  guard  the  plants  moxt  effectively  against  the  inroads  of  animal 
foes  oa  well  as  against  other  leaf-cutting  a|iecieB  of  ants,  trhich,  in  the  Americui 
tro[>ioB,  kill  freea  by  completely  and  rapidly  divesting  them  of  their  entire  foliage. 
These  same  leaf-cutting  ants  live  in  symbiosis  with  a  Fungus  (RoiUa  gongylophora). 
Upon  the  accumulated  leaves  ("  Fungus-gardens"),  according  to  M5LLEK,  the  anlt 
make  pure  cultares  of  the  fungus  mycelium,  whose  peculiar  nutritive  outgrowths 
serve  them  exclusively  for  nourisliment.  Other  familiar  examples  of  symbiosii 
are  those  existing  between  flowers  and  birds  or  inse<^ts.  The  flowers  in  theric 
instances  provide  the  nourishment,  nsually  nectar  or  pollen,  but  sometimes  also 
the  Dvales  (Vucca-motb  and  the  gall-wasp  of  the  flgure],  while  the  animals  are 
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{natramental  in  the  pollinatioD.  Here  also  each  symbiont  is  dependent  upon  the 
other.  In  the  case  of  the  unintentional  dissemination  of  fruits  and  sseda  by  the 
agency  of  animals,  the  symbiotic  relations  are  less  close. 

Of  all  the  different  processes  of  supplementary  nutrition  employed 
by  plants,  those  exhibited  by  Insectivorous  Plants  in  the  capture  and 
digestion  of  animals  is  unquestionably  the  most  curious.  Although 
they  are  green  plante  and  in  positions  to  provide  their  own  oi^nic 
nourishment,  they  have,  in  addition,  secured  for  themselves,  by 
peculiar  contrivances,  an  extraordinary  aouroe  of  nitrogenous  organic 
matter,  by  means  of  which  they  are  enabled  to  sustain  a  more  vigorous 
growth,  and  especially  to  support  a  greater  reproductive  activity,  than 
would  otherwise  be  possible  without  animal  nourishment.  It  is  not 
accidental  that  the  plants  which  have  become  carnivorous  are,  for  die 
most  part,  either  inhabitants  of  damp  places,  of  water  swamps,  and 
moist  tropical  woods,  or  that  they  are  epiphytes.     The  nitrogenous 
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and  phosphoric  aalts  of  the  soil  are  not  obtained  by  them  in  the  same 

quantities  as  in  the  case  of  the  more  vigorously  transpiring  land-plante. 

This  is  very  evidently  the  case 

ID  the  Sundew  {Drosera),  which 

is  loosely  attached  by  a  few  roots 

upon  a  thick   spongy  carpet    of 

Bog-moss,  and  must  find  in  the 

animal  food  a  valuable  addition 

to  its  nitrogenous  nourishment. 


A  great  vitrietj  of  contrivSiiiccs  fur 
tie  capture  of  inaects  are  made  uae  of 
bj  cainivorouB  plants.  The  leaves  of 
Dreatra  are  covered  with  stalk-like  out- 
growths ("tent&cles "),  the  glandular 
extremities  of  which  discharge  a  viscid 
acid  secretion  (Figa.  188  and  115).  Any 
small  insect,  or  even  larger  fly  or  moth, 
which  cornea  in  contact  with  any  of  the 
tentacles  is  canght  in  the  sticky  secre- 
tion, and  in  its  ineffectual  struggle  to 
free  itself  it  only  oomos  in  contact  with 
other  glands  and  is  even  more  securely 
held.  Excited  by  the  contact  atimuhis,  Fm.  ise.— 
»11  the  other  tentacles  curve  over  and  Walked, 
close  upon  the  captured  insect,  while  ^^  " 
the  leaf-laniina  itself  becomes  concave 
and  surrounds  the  small  prisoner  more  closely, 
more  abundantly,  and 


The  secretion  is  then  discharged 
I  increased  quantity  of  formic  acid, 
a  peptoniaing  ferment.  The  im- 
prisoned insect,  becoming  thus 
completely  covered  with  the  secre- 
tion, periahes.  It  19  then  slowly 
digested,  and,  together  with  tlie 
secretion  itself,  is  ahsorhed  by  the 
cells  of  the  leaf. 

Id  PiJtguicula  it  is  the  leaf- 
margins  which  fold  over  any  small 
inaects  that  may  be  held  by  the 
minute  epidermal  glands.  In 
species  of  Utrieularta  (Fig.  34), 
growing  frequently  in  stagnant 
water,  amall  green  bladders  (mclji- 
morpliosed  leaf-tips)  are  found  on 
the  tips  of  the  dissected  leaves. 
In  each  bladder  there  is  a  small 
opej^ng  closed  by  an  elastic  valve  which  only  opens  inwards.  Small  snails  and 
crustaceans  can  readily  pass  through  this  opening,  guided  to  it  by  s])ecial  out- 
growths ;  but  their  egress  is  prevented  by  the  trap-like  action  of  the  valve,  so  that 
in  one  bladder  as  many  as  ten  or  twelve  crustaceans  nill  often  be  found  imprisoned 
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&t  the  some  time.     The  al>aorptioa  oftlie  disorganised  aDiiuul  remains  aeenis  to  be 

performed  1>y  forked  bairs  uhich  spring  from  the  walls  of  the  bladder. 

More  remarkable  still,  and  even  better  adapted  for  ita  purpose,  is  the  nieclianisiii 

exhibited  by  other  and  now  well-known  insectiroroim  jilants.  In  the  case  of 
Venus  Flj'traii  {Dioaaen),  growing  in  the  peat  bogs  of 
North  Carolina,  the  capture  of  iasecta  is  effected  by 
the  sudden  closing  together  of  the  two  halves  of  the 
leaves  (Fig.  189).  This  aL'tion  is  esiiecially  due  Co 
the  irritability  of  three  bristles  on  the  apprr  side  of 
each  lialf-leaf  (thu  leaf  surfaces  themselves  are  mueli 
leas  senaitive).  Upon  the  death  of  the  insect  caught 
by  the  leaf,  a  copious  excretion  of  digestive  sap 
takea  place  from  glandular  hairs  on  the  leaf  surface, 
followed  by  the  absorption  of  the  products  of  the 
digestive  solution.  In  the  case  of  other  wetl-kuowu 
insectivorous  plants  {Xrjieiitlifs,  Cephalotus,  Sami- 
««i'n,  Darliwjtoaia),  the  traps  for  the  capture  of 
animal  food  are  fonneii  by  the  leaven  which  grow  iu 
tile  shape  of  pitchers  (Figs,  33,  190).  These  trap- 
like receptacles  are  ]^>artially  tilled  with  a  watery  Huid 
excreted  from  glands  on  their  inner  surlaccs.  Ea- 
ticed  by  secretions  of  honey  to  the  rim  of  the  pitcher 
(ill  the  case  of  Xepenllifs),  and  then  slipping  on  the 
extraordinarily  sniootli  surface  below  the  margin,  or 
guided  by  the  downward-directed  hairs,  iunects  and 
other  small  aaimals  linally  fall  into  the  fluid  and 
are  there  digested  by  the  action  of  ferments  and 
acids.  In  fiarraccnia  and  Cephalotus,  Guebkl  was 
unable  to  discover  any  digestive  fenueuts ;  but  in 
Cephalufia,   however,   it   was  ]>ossible   to  determine 

Fii^.  iBO.— PiiKiiertiL  leaf  of  ■  that  the  secretions  have  antiseptic  properties.  The 
AfjifiijAw.  A  ijortldii  of  the  iij.]j)(g  aiiijendaBe  at  the  oneninir  of  the  pitcher  of 
been  reiiioY«l  in  nrcler  lo  ^'P"itl">,  SarraccHia,  aaa  Cephalotiit  Aa^a  not  wat; 
H]io»thenuiil(^excn:tedbx  its  function  seems  to  be  merely  to  prevent  foreign 
tlie  leir-glanda.  (Reducdl.)  substances  from  falling  into  the  pitcher,  and  parti- 
cularly to  keep  out  the  rain.     The  entrance  to  the 

tubular  leaves  of  Z^nr/inif/oHtd  is  under  the  helmet-like  extremity,  and  tlierelbte 

a  lid  is  unnecessary. 

III.  Respiration 

It  is  a  matter  of  common  knowledge  that  animals  are  unable  to 
exist  without  breathing.  In  the  higher  animals  the  process  of  respira- 
tion is  so  evident  as  not  easily  to  escape  notice,  but  the  fact  that 
plants  breathe  is  not  at  once  so  apparent.  Just  as  the  method  of  the 
nutrition  of  green  plants  was  only  discovered  by  experiment,  so  it  also 
required  carefully  conducted  experimental  investigation  to  demuii- 
Btrate  that  PLANTH  ALSO  MUST  BREATHK  IX  ORDER  TO  UVK  ;  that,  like 
animals,  they  take  up  oxygen  and  give  off  carbonic  acid.  Even 
LiEBiG  in  1840,  in  his  epoch-making  work  (IHe  oiffanische  Chemie  in 
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ikrer  Anwendung  auf  A^'lctiUur  und  Physiilogie),  showing  the  applica- 
.tion  of  organic  chemistry  to  agriculture  and  physiology,  refused  to 
believe  in  the  respiration  of  plants.  Although  the  question  had 
already  been  thoroughly  investigated  by  Saussure  in  1622,  and  by 
UcTROCHFT  in  1837,  and  its  essential  features  correctly  interpreted, 
.  LiEBIG  pronounced  the  belief  in  the  reapiration  of  plants  to  be  opposed 
to  all  factA,  on  the  ground  that  it  was  positively  proved  that  plants 
on  the  contrary  decomposed  carbonic  acid  and  gave  off  the  oxygen. 
He  asserted  that  it  was  an  absurdity  to  suppose  that  both  processes 
irere  carried  on  at  the  same  time ;  and  yet  that  is  what  occurs. 

ASSIUIIATIUN  AND  KESPIBATION  ARE  TWO  DISTINCT  VITAL  PRO- 
CESSES CARRIED  ON  INDEPENDENTLY  BY  PLANTS.  WllIIj;  IN  THE 
PROCESS  OF  ASSIMILATION  green  PLANTS  ALONE,  AND  ONLY  IN  THE 
LIGHT,  DKCOMPOSK  CARBONIC  ACID  AND  GIVE  OFF  OXYGEN,  all  PLANT 
ORGANS  WITHOUT  EXCEPTION  BOTH    BY    DAY    AND   BY    NIGHT   TAKE    UP 

OXYGEN-  AND  GIVE  OFF  CARBONIC  ACID.  Organic  substance,  obtained  by 
assimilation,  is  in  turn  lost  by  respiration.  A  seedling  grown  in  the  dark 
so  that  assimilation  is  impossible,  loses  by  respiration  a  considerable  part 
of  its  organic  substance,  and  its  dry  weight  is  considerably  diminished. 
It  has  been  found  that  during  the  germination  of  a  grain  of  Indian  Corn, 
a  full  half  of  the  organic  reserve  material  ia  consumed  in  three  weeks. 
That  green  plants  growing  in  the  light  accumulate  a  considerable 
surplus  of  organic  substance,  is  due  to  the  fact  that  the  daily  production 
of  mat«rial  by  the  assimilatory  activity  of  the  green  portions  is  greater 
than  the  constant  loss  which  is  caused  by  the  respiration  of  all  the 
oigans.  Thus,  according  to  Boussingault's  estimates,  in  the  course 
of  one  hour's  assimilation  a  plant  of  Sweet  Bay  will  produce  material 
sufficient  to  cover  thirty  hours'  reapiration. 

The  question  may  be  asked,  why  then  is  respiration  essential  to 
lifel  It  cannot  be  that  its  importance  for  plants  arises  from  the 
loss  of  substance ;  that  would  be  but  a  mere  waste  of  material 
which  had  been  previously  elaborated  by  the  plant.  A  means  of 
judging  of  the  importance  of  reapiration  is  afforded  by  the  behaviour 
of  the  plants  themselves  when  deprived  of  oxygen.  By  placing  them, 
for  example,  under  a  jar  containing  either  pure  nitrogen  or  hydrogen,  or 
in  one  from  which  the  air  has  been  exhausted,  it  will  then  bo  found  that 
all  vital  activity  soon  comes  to  a  stand-still ;  plants,  previously  growing 
vigorously,  cease  their  growth  ;  the  streaming  motion  of  the  protoplasm 
in  the  cells  ia  suspended,  as  well  as  all  external  movement  of  the 
organs.  Motile  organs  of  plants  become  stiff  and  rigid  and  sink  into 
a  death-like  condition.  If  oxygen  be  admitted,  after  not  too  long  an 
ioterval,  the  interrupted  performance  of  tiie  vital  function  is  agwn 
renewed.  A  longer  detention  in  an  atmosphere  devoid  of  oxygen  will, 
however,  irrevocably  destroy  all  traces  of  vitality ;  as  in  every  condi- 
tion of  rigor  internal  chemical  changes  take  place,  which,  by  a  pro- 
longed exclusion  of  oxygen,  lead  to  the  destruction  and  disor^nisation 
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of  the  living  substance.  The  PRESENCE  OF  OXYGEN  is  NECESSARY  TO 
THE  CHEMICAL  PROCESSES  TAKING  PLACE  WITHIN  THE  CELL,  IN  ORDER 
TO  MAINTAIN  THE  LIVING  SUBSTANCE  IN  A  CONDITION  OF  NORMAL 
ACTIVITY. 

The  absorption  of  oxygen  and  the  evolution  of  carbonic  acid  by  linng  planls 
can  be  demonstrated  both  qualitatively  and  quaotitstively  bj  simple  expGrit)jeDt&. 
From  what  has  already  beeu  said  of  the  contradictory  nature  of  assimilation  and 
respiration,  it  will  be  at  once  apparent  that  these  experiments  must  be  conducUd 
either  in  tbe  dark  or  on  portions  of  plants  devoid  of  chlorophyll.  Coloured  or 
white  flovrers,  roots,  germinating  seeds  and  Fungi  furnish  suitable  objects  on 
which,  at  any  time,  tlie  gaseous  interchange  occurring  during  respiration  may 
be  observed.  The  more  abundant  the  protoplasm  and  the  more  energetic  lis 
vital  activity,  so  much  tbe  more  vigorous  is  the  respiration.  The  best  results  ar* 
obtained,  therefore,  from  young  portiouB  of  plants  in  an  actj'fe  state  of  growth. 
It  should  also  be  mentioned  that  from  tbe  following  experiments  only  the  carbonic 
acid  and  not  the  whole  of  the  products  of  tbe  respiratory  activity  are  determined. 
From  theoretical  considerations,  and  also  from  exact  chemical  analysis,  it  baa  been 
definitely  established  that,  IK  AniHTios  To  carbonic-  acid,  wateii  is  /obsieb 


The  absorption  of  oxygen  and  the  formation  of  carbonic  acid  may  he  clearly 
shown  by  the  following  ex[fflriments  (Fig.,  191).  A  flask  (B)  filled  with  young  mush' 
rooms  or  Composite  flowers  is  inverted  with  its  mouth  in  an  open  vessel  of  mereniy 
IQ),  and  a  few  centimetres  of  caustic  potash  solution  introduced  within  its  neck. 
In  the  same  degree  as  the  carbonic  acid  produced  by  respiration  is  absorbed  by  the 
caustic  potash,  tile  volume  of  air  in  the  fiask  will  be  reduced  and  tbe  mercury  wilt 
rise  in  the  neck.  After  a  time,  tbe  ascent  of  the  meroiirj-  cea.'ieH  and  it  remains 
stationary.  If  tbe  quantity  of  air  remaining  in  the  ilask  be  estimated,  it  will  be 
found  that  it  has  lost  a  fillb  of  its  original  volume  ;  this  meaus,  however,  that  the 
whole  of  the  oxygen  (which  makes  up  one-fifth  of  the  atmospberic  air]  has  been 
absorbed.  If  caustic  potash  is  not  used  in  this  experiment  to  absorb  the  ex- 
haled carbonic  acid,  the  mercury  remains  at  it-i  natural  level,  or,  in  other  words, 
the  volume  of  air  in  the  flask  remains  unchanged.  From  this  experiment  it  Ib 
apparent  that  the  volume  of  oxygen  absorbed  is  equal  to  the  volume  of  carbonic 
ocid  evolved,  as  e.xprcssed  by  the  formula  -^'  =  1.  This  equivalence  of  volume 
between  the  oxygen  absorbed  and  tbe  carbonic  acid  exhaled  exists  only  in  cases 
where  the  oxygen  is  used  exchisively  for  respiration,  and  not  where  it  is  con- 
sumed in  transforming  the  contents  of  the  cells,  as  is  observed  in  the  germination 
of  seeds  rich  in  fat,  and  in  the  interchange  of  gases  in  the  case  of  the  succulents. 
In  tbe  germination  of  seeds  rich  in  fat,  the  fat  is  converted  into  carbohydrates 
richer  in  oxygen.  The  oxygen  consumed  remains  combined  in  the  plant.  On  the 
other  hand,  in  the  case  of  the  succulents,  their  peculiar  ])Ower  of  effecting  oxidation 
during  the  night  and  subsequent  deoxidation  in  the  light,  modilieB  the  gaseous 
iuterchange  of  respiration. 

The  absorption  of  oxygen  in  the  respiration  of  plants  can  also  be  shown  by  the 
fact  that  a  Same,  held  in  a  receptacle  in  which  plants  have  been  kept  for  a  time,  is 
extinguished.  If  a  lighted  taper  be  thrust  into  a  glass  cylinder  which  lias  been 
partially  filled  with  flowers  or  mushrooms,  and  then  tightly  covered  and  allowed 
to  remain  for  a  day,  it  will  be  extinguished,  as  the  oxygen  of  the  air  in  the 
cylinder  will  all  liave  been  absorbed.     The  carbonic  acid  exiialed  in  respiration  can 
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be  quantitatively  determiDHl  from  the  increase  in  the  weight  of  the  caustic  potaab 
by  which  it  has  been  absorbed,  or  from  the  amount  of  barinm  carbonat*  preoipi- 
tateil  by  conducting  tbe  respired  carbonic  acid  through  baryta  water  (to  n-liich 
some  BaClj  has  been  added).  In  this  last  esperinient  it  will  of  course  be 
necessary  to  free  tlie  air  from  all  traces  of  carbonic  acid  before  it  is  admitted  to  the 
respiring  plants. 

IntFamoleoular  Besplratlon. — Id  the  middle  of  the  seventies 
PflI'ger  made  the  surprising 
discovery  that  frogs  are  not 
only  able  to  live  for  some  time 
in  an  atmosphere  devoid  of 
oiygen,  but  even  coDtinue  to 
exhale  carbonic  acid.  Prom 
similar  investigations  it  was 
found  that  plants  also,  when 
deprived  of  oxygen,  do  not  die 
at  once,  bat  can  prolong  their 
hfe  for  a  lime  and  evolve  car- 
bonic acid.  Under  these  cir- 
cumstances it  is  apparent  that 
both  elements,  the  carbon  as 
irell  as  the  oxygen,  must  be 
derived  from  the  organic  sub- 
stance of  the  plants  themselves : 
the  oxygen  can  only  be  ob- 
tained through  some  unusual 
process  of  decomposition  carried 
on  within  the  plant.  This  form 
of  respiration  has  consequently 
been   described   as    intramole- 

The  amount  of  carbonic 
acid  produced  in  a  given  time 
by  intramolecular  respiration  is 
usually  less  than  that  given  off  Fiq.  i' 
in  the  same  time  during  normal  ^' 
respiration.  There  are  plants,  xhi 
however    (for    instance,    Ficta      bsi 

Faba),  whose  seedlings,  in  an      p^^^'^v- -- -'—j -■<-■— ■ 

atmosphere  of  puie  hydrogen, 

will  exhale  for  hours  as  much  carbonic  acid  as  in  the  ordinary  air. 
During  intramolecular  respiration  all  growth  ceases  and  abnormal 
processes  of  decomposition  take  place,  whereby  alcohol  and  other 
products  are  formed. 

It  liad  formerly  been  believeil  that  the  inciting  cause  of  respiration  waa  the 
oiidiiing  activity  of  the  oiygen,   which   was  thought  to  act   upon   the   living 
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Bubstance  in  the  same  way  as  upon  an  ea»i)j  ojidiseU  body.  But  the  discovery  of 
intramolecular  respiration  led  to  a  Dew  conception  of  tlie  processes  of  nono&l 
reapiration.  According  to  it,  the  protoplsem  Hci^nis  by  its  vital  activity  conalantly 
to  produce  one  or  more  substances  wliich  greedily  seize  upon  oxygen.  The  aninity 
of  tliese  Bubatances  for  oxygen  is  so  great  that,  in  case  no  free  oiygen  is  at  their 
disposal,  tliey  decompose  and  take  it  from  the  protoplasmic  substance  itself  (Just 
as  chlorine  has  the  power  of  decomjtositig  other  compounds  to  combine  with 
hydrogen).  Plants  breathe,  accordingly,  not  as  a  rcHult  of  the  decomposing 
oxidation  of  tlie  oxygi'n  in  the  air,  but  they  absorb  oxygen  because  rcspiralion  is 
easential  to  tlie  performance  of  those  metabolic  [irocenses  on  the  continuance  oS 
which  their  own  vitality  dejwnds.     Rkhpihatios',  like  ncthitiok  ass  oittiwTB, 

this  standpoint,  it  is  at  once  evident  that  respiration  becomes  inteuailied  with  every 
increase  in  the  vital  activity,  and  on  the  other  hand,  decreases  with  every  diminu- 
tion of  the  vital  functions. 

To  understand  the  physiological  reason  or  the  existence  of  such  a  vital  pro- 
cess as  respiration  is  more  difficult.  The  behaviour  of  plants  in  an  atmosphere 
t^ee  from  oxygen  demonstrates,  at  all  events,  that  normal  respiration  is  recjuisite 
for  the  vital  activity  of  the  protoplasm  ;  that,  through  it,  in  a  word,  the  equilibrium 
of  the  living  substance  is  disturbed,  and  no  the  stimulus  given  to  further  mole- 
cular movements  and  renewed  vital  activity.  Through  the  disturbing  activity 
of  respiration,  the  energy  of  tlie  protoplasm  is  continually  aroused,  and 
the  latent  forces,  accumulated  through  the  v])eratiou  of  the  vital  processes,  are 
again  set  free :  it  is,  iu  other  words,  tlie  sjiecilic  source  of  all  vital  energy.  In 
intramolecular  respiration,  the  necessity  for  oxygen  disturbs  Che  equilibrium  in 
an  unnatural  way,  and  sets  free  forces,  which  lead,  not  to  the  continuance  of  the 
vital  activity,  but  to  the  destruction  of  the  living  substance. 

Tliat  speciHc  vital  energy  can  be  otherwise  derived  than  tliroii^h  tlie  utilisation 
of  free  oxygen  is  shown  iu  the  case  of  the  Anacrobionta  (p.  213),  which  lire  and 
multiply  without  tho  presence  of  free  oxygen.  The  formation  of  ferric  hydrosidt 
by  the  so-called  IKOS  baci'F.hia,  as  well  as  the  production  of  sulphuric  acid  by  the 
sfLi'HUR  uirTEitiA,  is  probiblj  the  result  of  an  attempt  on  tho  jiart  of  those  micro- 
organisnis  to  substitute  other  sources  of  energy  for  normal  respiration. 

The  energy  gained  by  the  absorption  of  oxygen  is  accompanied  by 
a  loss  of  combustible  organic  substances.  This  loss  is  first  felt  by  the 
protoplasmic  body  itself,  but  is  soon  made  good  ^ain  at  the  expense 
of  the  carbohydrates  and  fats ;  so  that  no  permanent  loss  of 
protoplasmic  substance  from  respiration  is  perceptible,  but  a  visible 

DIMINUTION  OF  THE  CARBOHYDRATES  AND  FATS  CAN  BE  DETECTED. 

Heat  produced  by  Hespiratlon. — Respiration  is,  chemically  and 
physically  considered,  a  process  of  oxidation  or  combustion,  and,  like 
them,  is  accompanied  by  an  evolution  of  heat.  That  this  evolution 
of  heat  by  plants  is  not  perceptible  is  due  to  the  fact  that  considerable 
([uantities  of  heat  are  rendered  latent  by  transpiration,  so  that 
transpiring  plants  are  usually  cooler  than  their  environment ;  and  also 
to  the  fact  that  plants  possess  very  large  radiating  surfaces  in  propor- 
tion to  their  mass.  The  spontaneous  evolution  of  heat  is  easily  shown 
experimentally,  if  transpiration  and  the  loss  of  heat  by  radiation  are 
prevented  and  vigorously  respiring  plants  are  selected.     Germinating 
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seeds  (Peae),  if  examined  in  large  quantities,  show  under  proper 
conditions  a  rise  in  tenii>erature  of  2"  C.  The  greatest  spontaneous 
eTolutioii  of  heat  manifested  by  plants  has  been  observed  in  the 
inflorescence  of  the  Aracme,  in  which  the  temperature  was  increased  by 
enei^tic  respiration  10°,  16°,  and  even  20°  C.  Also  in  the  large 
flower  of  the  Vkloriu  rei/ui  temperature  variations  of  15°  C  have  been 
shown  to  be  due  to  respiration.  One  gramme  of  the  spadix  substance 
of  an  Araceae  exhales,  in  one  hour,  up  to  30  cubic  centimetres  CO^; 


and  half  of  the  dry  substance  (the  reserved  sugar  and  starch)  may  be 
consumed  in  a  few  hours  as  the  result  of  such  vigorous  respirations. 

That  other  processes,  in  addition  to  reMiiiration,  co-o)ierate  in  the  production 
of  heat  is  •jipftrent  from  tlie  foct  that  tlie  amount  of  lieat  evolved  Joes  not  vary 
proportionally  to  tlie  carbonic  acid  exiialed.  The  high  temperature  (up  to  70°  C.) 
oUtrvabla  in  germinating  Barley  does  not  result  from  respiration  alone,  but  is  due 
to  the  decomposing  activity  of  a  FungiiH. 

The  Movement  of  Gases  within  the  Plant. — The  entrance  of- 
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oxygen  into  the  plant  body  ia  not  accompanied  by  any  respiratory 
movements,  as  in  the  caae  of  animals ;  but  takea  place  solely  through 
diffusion.  Those  cells  which  are  in  direct  contact  with  the  air  or 
water  can  absorb  their  reqiiisite  oaygen  directly ;  while  cells  in  the 
midst  of  tissues  are  dependent  upon,  the  oxygen  which  can  diffuse 
through  the  surrounding  cells.  Such  a  diffusion  from  cell  to  cell 
would  not,  however,  be  adequate,  in  the  case  of  the  vast  cellular 
bodies  of  the  higher  plants,  to  provide  the  living  cells  of  the  interior 
with  a  sufficient  supply  of  oxygen.  This  is  accomplished  by  means  of 
the  air-spaces,  which,  as  intercellular  passages,  penetrate  the  tissues 
in  all  directions  and  so  bring  to  the  protoplasm  of  the  inner  cells  the 
air  entering  through  the  stomata  and  lenticels  (p.  Ii3).  That  the 
intercellular  spaces  were  in  direct  communication  with  each  other 
and  also  with  the  outer  atmosphere,  was  rendered  highly  probable 
from  anatomical  investigation,  and  has  been  positively  demonstrated 
by  physiological  experiment.  It  is,  in  fact,  possible  to  show  that  air 
forced  by  moderate  pressure  into  the  intercellular  passages  makes 
its  escape  through  the  stomata  and  lenticels ;  and  conversely,  air 
which  could  ent«r  only  through  the  stomata  and  lenticels  can  be 
drawn  out  of  the  intercellular  passages.  The  method  of  conducting 
this  experiment  can  be  seen  from  the  adjoining  figure  (Fig.  192). 
Through  the  cork  of  the  bottle  (ff),  which  is  partially  filled  with  water, 
a  glass  tube  (R)  and  a  leaf  (P)  are  inserted ;  when  the  air  in  the  bottle 
{Q)  is  drawn  out  by  auction  through  the  glass  tube  (R),  a  stream  of  air- 
bubbles  passes  out  through  the  intercellular  spaces  of  the  severed  leaf- 
stalk, and  is  maintained  by  the  air  entering  through  the  stomata  of 
the  leaf-lamina.  By  a  similar  experiment  it  can  also  be  shown  that 
in  corky  stems  the  communication  between  the  intercellular  spaces 
in  the  medullary  rays,  cortex,  and  wood  and  the  external  atmosphere 
is  mainlined  through  the  lenticels.  The  movement  of  the  gases 
within  the  intercellular  spaces  is  due  partly  to  the  diffusion,  induced 
by  the  constant  interchange  of  gasea  caused  by  respiration,  assimila- 
tion, and  transpiration,  and  partly  to  their  own  instability,  arising 
chiefly  from  modifications  of  the  temperature,  pressure  and  moisture  of 
the  surrounding  atmosphere,  but  which  is  also  increased  by  the  move- 
ment of  the  plants  themselves,  through  the  action  of  the  wind. 

Intercellular  air-Gpacei!  are  exteasively  developed  iii  water  and  monih  plants, 
and  occupy  the  greater  part  of  the  plant  body.  Tlie  submerged  portions  of  water- 
plants  unprovided  with  stomata  secure  a  special  iKTBaNAL  .\tmosphbre  of  their 
own,  with  which  their  cells  oiaiDtain  an  active  exchange  of  gaaea.  This  internal 
atmoBpliere  is  in  turn  rejilenislved  by  the  diffuaion  taking  place  with  the  suiTound- 
iiig  atniosph  In  mars)   i  lants,  which  stand  partly  Id  the  air,  the  targe  inter- 

uetlnlar  s[iac  f  m  un  t  ng  canals  through  which  the  atmosplieric  oxygen, 
without  be  ng  mpl  t  ly  hausted,  can  reach  the  organs  growing  deep  in  the 
swampy  so  I  urr  unded  by  marsh-gas  and  otherwise  cut  off  from  any  ci 
tion  with  tl     atn  o<iph 
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Phosphorescence. — The  same  conditions  which  accompany  respira- 
tion also  give  rise  to  the  production  of  light  or  phosphorescence  in  a 
limited  number  of  plants,  particularly  in  Fungi  and  Bacteria.  This 
phosphorescence  at  once  disappears  in  an  atmosphere  devoid  of  oxygen, 
only  to  reappear  on  the  admission  of  free  oxygen.  All  the  circum- 
stances which  facilitate  respiration  intensify  phosphorescence ;  the 
converse  of  this  is  also  true.  According  to  the  results  of  investigations 
concerning  the  phosphorescence  of  animals,  from  which  that  of  plants 
does  not  probably  differ  in  principle,  the  phosphorescence  is  not 
directly  dependent  upon  the  respiratory  processes,  but  is  due  to  the 
production  by  the  protoplasm  of  a  special  colloid  substance  in  the 
form  of  globules  or  granules,  which  give  out  light  when  undergoing 
crystallisation.  On  free  exposure  to  the  atmosphere,  and  under  proper 
conditions  of  moisture  and  temperature,  this  phosphorescent  substance, 
even  after  its  removal  from  the  living  organism,  is  still  capable  of 
giving  out  light  for  a  long  time. 

The  beet  -  known  phosphorescent  plants  are  certain  forme  of 
Bacteria  which  develop  on  the  surface  of  fish  and  meat,  and  the 
mycelium,  formerly  described  as  "  Ehizomorpha,"  of  the  fungus  jigariciis 
mtUeas.  As  further  examples  of  spontaneously  luminous  Fungi  may  be 
cited  Agaricus  oUariiis,  found  growing  at  the  foot  of  olive  trees  in 
Sooth  Europe,  and  other  less  familiar  Agarics  (Ag.  if/neus,  nodiluceiis, 
Gardneri,  etc.).  The  phosphorescence  of  decaying  wood  is  also,  without 
doubt,  due  to  the  growth  of  Fungi  or  Eacteria.  Of  plants  taking 
part  in  the  phosphorescence  seen  in  water,  the  most  important  are 
PifTOcydis  nodiiuca,  an  Alga,  and  the  spontaneously  luminous  Bacteria. 

The  BO-called  plioaplioreiweDce  of  the  Mosn,  Schistoileya,  and  o(  some  Selaginellaa 
and  FerDfl,  has  nothing  in  comnioti  with  actual  phoapliorcscencu,  hut  is  produced 
solely  hy  the  reflection  of  the  daylight  from  peculiarly  formed  cells  (Fig.  32s). 
The  phoephorescence  observed  in  nonie  sea.u'eeda  rcHutte,  on  the  otiier  hand,  from 
the  fluoreeceuce  and  opalescence  of  certain  of  their  albuuinons  substances,  or  from 
the  irideaCBDce  of  their  cuticular  layers. 

IV.  Growth 

The  size  which  plants  may  attain  varies  enormously.  A  Mush- 
room seems  immeasurably  large  in  contrast  with  a  MkrococcuK,  but 
inexpressibly  small  if  compared  with  a  lofty  Califomian  Sfguoin.  A 
BmUIus  of  the  size  of  a  Mushroom,  or  a  Mould-Fungus  of  the  height  of 
a  Sequoia,  are,  with  their  given  organisation,  physiologically  as  incon- 
eeivabte  as  a  Mushroom  with  the  minuteness  of  a  Micrococcus.  The 
size  of  an  oi^anism  accordingly  is  an  expression  of  its  distinct  individu- 
ality, and  stands  in  the  closest  relation  to  structure  and  conditions  of 
life,  and  in  each  individual  varies  within  certain  narrow  limits. 

However  large  a  plant  ntay  be,  and  however  innumerable  the 
number  of  its  cells,  it  nevertheless  began  its  existence  as  a  single  cell. 
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microscopically  small  and  of  the  simplest  structure.  To  attain  its 
final  size  and  perfect  development  it  must  grovr,  that  is,  it  must 
enlarge  its  body  and  undergo  differentiation.  Even  for  the  minute 
unicellular  bacteria  growth  is  essential,  as  they  multiply  chiefly  by 
cell  division.  Each  daughter  cell  must  grow  and  attain  the 
dimensions  of  the  parent  cell,  or  in  a  few  years  the  capacity  for 
existence  itself  will  be  lost  through  their  continually  decreasing  size. 
It  is  in  fact  impossible  to  conceive  of  a  plant  where  perfect  de- 
velopment is  not  the  result  of  growth.  If  a  growing  Oak  or  Cedar 
be  compared  with  the  single  spherical  egg-cell  from  which  it  has 
arisen,  it  is  at  once  clear  that  by  the  term  growth  we  mean  not 
only  an  increase  in  volume,  but  include  also  a  long  series  of 
various  developmental  stages,  and  external  and  internal  modi- 
fications. A  mere  increase  in  volume  does  not  necessarily  imply 
growth,  for  no  one  would  say  that  a  dried  and  shrivelled  turnip  grows 
when  it  swells  in  water.  On  the  contrary,  active  growth  may  be 
accompanied  by  a  considerable  loss  of  substance,  as  is  shown  by  the 
sprouting  of  potatoes  kept  in  a  dark  cellar.  Water  is  lost  through 
transpiration  as  well  as  organic  substance  through  respiration,  and  yet 
the  new  shoots  show  true  growth. 

In  the  lower  organisms  growth  is  exhibited  in  its  most  simple 
form.  In  an  Amceba  or  a  Plasmodium  growth  is  simply  an  increase 
in  their  substance ;  in  a  unicellular  Alga  or  in  a  Fungus  it  means,  in 
addition  to  this,  an  enlargement  of  their  cell  walla  In  the  higher 
plants  the  processes  of  growth  are  far  more  complicated  and  various,  so 
that,  according  to  Sachs,  four  chief  phases  of  growth  can  be  distin- 
guished, which,  however,  are  not  sharply  separated,  but  merge  imper- 
ceptibly one  into  the  other. 

1.  The  embryonic  phase,  or  the  first  origination  of  new  cells  or 
organs,  according  to  their  proper  position  and  number. 

2.  The  formative  phase,  or  the  continuance  of  the  embryonal 
development,  and  the  assumption  of  a  definite  form. 

3.  The  phase  of  elongation  of  the  already  formed  embryonal 
oi^ns. 

4.  Tlie  phase  of  internal  development  and  completion  of  the  tissues. 

The  Embryonal  Development  of  the  Organs 

Plants,  in  contrast  to  the  higher  animals,  continually  develop  new 
organs.  These  arise  either  from  tissues  retained  in  their  embryonic 
condition,  as  at  the  growing  point,  or  they  have  their  origin  in  r^ons 
which  have  already  more  or  less  completely  attained  their  definite 
foi'm.  The  leaves  and  shoots  spring  directly  from  the  tissues  of  the 
growing  point ;  the  first  lateral  roots,  however,  make  their  appearance 
at  some  distance  from  the  growing  point,  where  a  perceptible  difl'ereQ- 
tiation  of  the  tissues  has  already  taken  place. 
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Leafy  shoots  may  also  take  th^r  origin  from  old  and  fully- 
developed  tissues,  which  again  assume  aa  embryonic  character,  accom- 
panied by  an  accumulation  of  protoplasm  and  renewed  activity  in  cell 
division.  But  as  this  only  occurs  in  exceptional  cases,  shoots  which 
thus  arise  out  of  their  regular  order  are  termed  advkntitious. 

The  manner  of  the  Formation  of  New  Organs  at  the  Growing- 
Point  has  already  been  described  (p.  149).  It  is  only  necessary  here 
to  again  call  attention  to  the  fact  that  the  young  organs  develop  in 
acropelal  succession,  so  that  the  youngest  is  always  nearest  the  apex. 
This  is,  in  fact,  the  roost  natural  method  in  consideration  of  the  apical 
growth  of  the  axes.  In  spite  of  that,  however,  special  cases  are 
known  in  which  the  young  organs  arise  at  some  distance  from  the 
growing  point,  and  between  older  oi^ns  (in  the  inflorescence  of 
Tifpha).  Tlie  point  from  which  new  organs  arise,  and  tlie  number 
which  develop,  are  chiefly  dependent  upon  inherited  internal  disposi- 
tion. Although  external  conditions  exert  in  this  respect  but  small 
influence,  it  has  been  recognised  that  the  available  space,  and  the 
subsequent  pressure  of  the  older  organs  of  the  vegetative  cone,  as 
well  as  the  torsion  of  the  axis,  operate  in  determining  the  ultimate 
position  of  new  organs  on  the  parent  axis.  The  influence  of  other 
factors,  light,  giuvity,  chemical  and  mechanical  stimuli,  which  at  certain 
times  in  the  later  life  of  the  tissues  are  of  extreme  importance,  have 
usually  but  little  effect  on  the  embryonal  development.  Yet,  on 
the  other  hand,  the  position  of  the  first  division  wall  of  the  ger- 
minating spore  of  Marsilia  is  determined  by  the  action  of  gravity, 
and  the  direction  of  the  first  wall  (as  well  as  of  the  preceding  nuclear 
division)  in  the  spore  of  Equisetum  is  determined  by  its  relative  position 
to  the  light. 

In  Adventltloos  Formations,  on  the  contrary,  the  influence  of 
external  foi-cea  is  often  very  evident,  as,  for  example,  in  the  formation 
of  climbing-roots,  which  in  the  Ivy  and  other  root-climbers  are  de- 
veloped only  on  the  shaded  side  of  the  stem.  In  the  Alga  CauUi-pa 
the  new  leaf-like  organs  arise  only  on  the  illuminated  side  of  the  parent 
organ.  It  is,  on  the  other  hand,  the  force  of  gravity  which  excites 
the  formation  of  roots  on  the  under  side  of  underground  rhizomes.  It 
is  also  dua  to  gravity  that  the  growing  points  of  shoots  are  formed  only 
from  the  upper  side  of  the  tubers  of  TMadiantku  diibta,  or  that  new 
twigs  develop,  for  the  most  part,  from  the  upper  side  of  the  obliquely 
growing  branches  of  trees.  Contact  stimuli,  on  the  other  hand, 
determine  the  primary  inception  and  point  of  development  of  the 
haustoria  of  Cuscuta  (p.  208).  The  sexual  organs  of  Fern  prothallia 
are  always  developed  on  the  side  away  from  the  light ;  that  is,  in 
normal  conditions  on  the  under  side,  but  in  case  of  artificial  illumina- 
tion on  the  upper  side. 

As  a  result  of  one-sided  illumination  and  the  stimulus  of  gravity, 
together  with  the  favouring  influence  of  moisture,  the  rhizoids  spring 
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only  from  the  under  side  of  the  gemmn  of  Marchantia,  so  that 
eventually  the  two  originally  similar  sides  assume  an  altogether 
different  anatomical  structure. 

Many  adventdtious  foTmatiouB  are  the  result  of  definite  external  causes  ;  as,  for 
esttmple,  the  gaits  induced  by  the  stings  of  insects  aai  the  deposits  of  animal 
eggs  and  larvre  (e/,  p.  155). 

The  development  of  adventitious  formations  is  especially  induc«d  by 
HUTiiATiON  of  plants.  Ne^'  formations  are  in  this  manner  produced 
at  points  from  which  they  would  never  have  arisen  on  the  uninjured 
plants.  In  the  case  of  PelargoniumB,  Oleanders,  AVillowa,  and  many 
other  plants,  it  is  possible  to  induce  the  formation  of  roots  wherever 
the  shoots  are  cut  In  other  plants,  however,  there  seem  to  be  certain 
preferred  places,  such  as  the  older  nodes,  from  which,  under  the  same 
circumstances,  roots  develop.  In  like  manner  new  shoots  will  appear 
in  the  place  of  others  that  have  been  removed.    In  thk  development 

OF  NEW  FORMATIONS  ON  A  MUTILATED  PLANT  THOSE  VBRY  ORQANS 
ARISE,     OR    PREFERABLY    ARISE,     OF    WHICH    THE    PLANT    OAS     BEEN 

DEPRIVED.  Kootleas  shoots  develop  first  of  all  new  roots.  Roots  and 
root-stocks  deprived  of  their  shoots  form  first  new  shoots.  In  these 
processes  there  is  manifested  an  internal  reciprocity  in  the  formative 
growth  of  organs,  which  has  been  termed  the  correlation  of  growth. 

Correlation  of  growth  is  often,  also,  very  apparent  in  the  normal  developinent 
of  the  organs  of  uninjured  plants.  It  is  due  to  this  that  scales  ofbuds  are  developed 
in  their  special  form  rather  than  as  foliage  leaves.  For,  as  Goebel  shoired,  it  is 
possible  by  artificial  means,  as,  for  example,  by  the  timely  removal  of  the  leaves  at 
the  parent  shoot  of  Aes^lui,  Acer,  Syringa,  Querent,  or  in  the  case  of  Pruntu 
Padui,  by  cutting  off  the  upper  extremity  of  the  shoots,  to  induce  the  fomtation  of 
normal  foliage  leaves  in  the  place  of  the  scales.  The  vigorous  growth  which 
ensues  in  the  &uit  and  in  the  fruit'Coverings  alter  fertilisation  and  developmeat 
of  the  embryo  in  the  ovule,  alTords  another  example  of  correlation  ;  for,  in 
case  no  fertilisation  of  the  egg-cell  occurs,  all  those  changes  which  produoe  a  ripe 
fruit  from  the  flower  do  not  take  place  ;  and,  instead,  another  correlative  process 
is  manifested  by  which  the  now  useless  organs  are  discarded.  Certain  plants, 
especially  those  modified  by  cultivation,  form  an  exception  to  this  :  in  many  varieties 
of  banana,-in  the  seedless  mandarin,  and  in  the  variety  of  raisins  known  as  sultana, 
etc.,  although  no  seeds  capable  of  germination  are  produced,  the  formation  of  a 
so-called  fruit  is  nevertheless  continued.  Even  in  these  instances  it  is  essential 
for  the  formation  of  fruit  tliat  there  shall  have  occurred  a  previous  pollination  of  the 
stigma,  or  the  fertilisation  of  the  ovules,  which,  however,  do  not  mature.  In  some 
few  exceptional  cases,  however,  as  in  the  Fig,  even  this  innjctua  to  fruit  formation 
is  not  necessary.  The  manner  of  tlie  formation  of  conducting  tissues  in  plants, 
and  also  their  anatomical  development,  are  regulated  by  correlation.  From  these 
few  instances  it  may  be  seen  how  the  principle  of  correlation  affects  the  most 
various  of  the  vital  processes,  even  under  norma!  conditions,  and  how  the  har- 
monious develo)iment  and  function  of  the  single  members  of  the  plant  body  are 
controlled  by  tt. 

The  polarity  manifested  by  plants  should  also  be  considered  as  a  special  example 
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of  ths  coireUtion  existing  betweea  the  dtHerent  p&rte  of  tlie  plant  body.  Tbia 
polaiitj  is  puUcukrlj  apparent  in  stems  aod  roots,  and  finds  ita  expreasioQ  in  the 
tendency  of  every  small  piece  of  a  stem  to  develop  neiv  aLoots  from  that  end  wiiicb 
was  nearer  the  stem  apex,  while  the  roots  take  their  rise  from  the  other  end. 
Pieces  of  roots  in  like  manner  send  out  roots  Troni  the  end  originally  neaj-er  their 
apex,  and  shoota  Trom  the  end  towards  tha  stem. 

In  accordance  with  this  principle,  detached  pieces  of  stems  produce  new  shoots 
from  their  " shoot-pote,"  and  injured  roots  new  roots  from  their  "root-pole." 
Tliis  polarity,  particularly  investigated  by  ViicHTtNo  and  SaL'Hb,  makes  itself 
apparent  in  even  the  smallest  pieces  of  stems  or  roots,  and  may,  in  this  respect,  he 
compared  to  the  magnetic  [lolarity  exhibited  by  every  small  piece  of  a  magnet. 
Unlike  poles  of  a  plant  may  readily  be  induced  to'  grow  together,  while  like 
poles  may  only  be  brought  to  do  so  with  difficulty,  and  then  do  not  develop 
vigorously.  As  a  result  of  such  e.\  periments,  a  radial  polarity  has  also  been 
rucogaised  by  VficHTiNo  in  stem  and  root  tissue  ;  thus,  for  instance,  pieces  of 
■  stem  or  root,  inserted  in  a  lateral  incision  of  a  similar  organ,  become  united 
■ith  it,  if  they  are  so  placed  that  the  side  originally  outermost  occupies  the 
same  relative  position  in  the  new  organ,  but  if  this  position  is  altered  no  such 
uiuDn  takes  place.  Leaves  take,  in  resjiect  to  polarity,  a  special  position,  for  they 
are  not  organically  included  within  new  formations  derived  from  tbem.  Thus, 
from  the  basal  end  of  a  leaf,  an  entire  plant,  with  roots,  stem,  and  leaves,  may 
arise,  while  the  regenerative  leaf  itself  gradually  dies.  It  is  of  especial  interest  to 
observe  the  effect  of  eiterual  influences  upon  the  position  of  new  formations,  when 
they  come  into  opposition  to  the  internal  disposition  of  the  plants  themselves.  In 
this  respect,  the  behaviour  of  different  species  varies  greatly.  In  one,  the  internal 
factors  predominate,  that  is,  the  new  formations  appear  quite  independently  of 
eitemal  conditions  ;  in  another,  the  external  influences  of  the  moment  prevail ; 
but  the  internal  disposition  of  the  plant,  when  thus  constrained  for  the  time  being, 
ultimately  makes  itself  apparent  and  the  new  formations  never  develop  vigorously. 
A  willow  twig,  planted  in  a  reversed  i)osition,  with  the  shoot-i)ole  in  the  ground, 
"ill  produce  roots,  and  from  the  root-pole  may  even  produce  shoots.  Tliese,  how. 
ever,  usually  soon  die  and  their  place  is  supplied  by  other  stronger  shoots  arising 
from  the  shoot  axis  just  above  the  rootn.  It  is  only  by  the  most  careful  suppression 
of  my  such  developments  that  tile  siioots  from  the  root- poles  may  be  kept  alive. 
In  so-called  "  creeping"  trees,  the  formation  of  side  branches  froni  the  up[ier  side 
of  the  hanging  branches  is  bvoured  by  c.\tcriia1  conditions,  hut  the  internal 
polarity  prevents  their  vigorous  development,  and  those  formed  soon  die.  In  the 
cultivation  of  grapes  and  fruit-ttces  this  peculiarity  is  utilised  to  produce  short- 
Uied,  fruit -producing  shoots  by  bending  over  tlie  vines  or  training  tlie  branches  of 
the  trees  in  the  cultivation  of  wall  fruits.  On  the  other  hand,  iu  sonie  cases  tlie 
internal  jiolarity  is  easily  overcome  by  external  induenccs.  It  is  sometimes  suffi- 
cient merely  to  reverse  the  erect  thallus  of  Brijopsit,  one  of  the  Siphoneae,  to  con- 
vert the  former  apical  portion  into  a  root-like  tube  which  i)euotrate.i  the  substratum 
and  hstens  itself  to  the  grains  of  sand.  It  lias  also  been  positively  determined, 
although  otherwise  such  cascH  are  unknown  among  the  higher  plants,  tliat  tiie 
growing  points  of  the  roots  of  Neoltia  and  of  certain  Ferns  [Flatycenum,  Aspltniun 
tKoitntum)  may  be  converted  through  some  inherent  tendency  into  the  vegetative 
cone  of  a  stem. 

The  correlation  phenomena  manifested  in  the  formation  of  new  organs  have  the 
greatest  practical  importance,  for  the  proi>agation  of  |>lants  by  cuttings  or  graining 
is  based  upon  them. 
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In  srtificial  reiiroduction  dfUclied  jiieccs  of  plautB  arc  made  uae  of  for  tlie 
liurpose  of  ])r<M]uciDg  a  fn-sh  comjilete  jilant.  In  many  cases  tliis  U  eaaily  ilou«, 
but  in  Dthcra  it  ia  more  difficult,  or  even  inipmsible.  Tlie  favourite  and  e>ai«st 
method  is  by  nieaus  of  [;iittii]gH,  that  is,  the  jilaotiug  of  cut  branches  in  water,  sand, 
or  eartb,  in  wliicli  they  take  root  (Felarg<mia,Trade.icBntiBs,  FuchsiaK,  Willows,  etc. !. 
Many  plants  may  he  proiHgatvd  from  even  a  single  leaf  or  portion  of  a  leaf,  as,  for 
instance,  ia  usually  the  case  witb  Begonioji.  The  young  plants  spring  rramtbeeod 
of  the  leaf-stalk,  or  from  itx  ]>oiiit  of  union  with  the  leaf-blade,  or  from  the  ribti, 
I>articularly  when  they  are  artificially  broken  or  incised.  In  other  cases  the  leaves, 
while  still  on  the  parent  plant,  bare  the  [lower  to  produce  adventitious  bnda,  and, 
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»  galtlnn ;  111,  bud  gnnicc  ; 


in  this  way,  give  rise  tii  new  plants  (see  Vegetative  Reproduction,  p,  279).  Even 
&OIU  roots  or  pieces  of  I'outa  it  is  also  possible  to  propagate  sonic  few  plants.  An 
example  of  this  is  atforded  by  Ipecuotitiiiha,  whoso  root^  are  cut  in  pieces  and  then 
sown  like  scodii.  Tbe  Dandelion  pos^tuases  the  same  ca^iability  of  developing  from 
small  ^Hirtious  of  the  root,  and  to  this  peculiarity  is  due  tbe  difficulty  with  wbicli 
it  is  deatroyed. 

In  grafting  or  budding,  cuttings  I'rutn  one  plant  are  inserted  in  auotber,  so  tli'l 
they  grow  together  to  form  physiologically  one  plant.  The  union  in  aeeomplhibed 
by  meun.i  of  a  callua  (p.  144),  furnied  by  both  the  scion  and  tbe  adopted  stock. 
Vessels  and  sieve-tubes  afterwords  develop  in  tbe  calluH,  and  so  join- togethW^>^ 
similarly  functioning  elvmeiits  of  both  jurts.  Such  an  organic  iinion  is'.lliv 
possible  l>etweeu  very  nearly  related  plants,  tbuB,  for  example,  oftliiAmygdalaao'' 
tbe  Plnm,  Peach,  Almond,  Apricot,  nwiy  readily  be  gi'afted  one  u|ion  the  other,  or 
of  tbe  7'u»uictr(c,  the  Apple  with  tin-  tjuiiicc  ;  but  not  tbe  Apple  with  the  Plum. 


BEcr.  II  PHYSIOLOGY  229 

In  spite  of  the  apparent  plijsiologicg.!  iiliiOD  between  the  old  Btovk  aiul  tbe 
newljr-ronued  growtli,  from  a  luoriihologicul  standpoiot  they  lead  an  altogether 
separate  and  distinct  existence.  In  its  structural  character,  forms  of  tissues, 
mode  of  secondary  growth,  fonnationof  bark,  etc.,  each  maintaina  its  own  individu- 
ality. Id  special  cases  it  has  been  afGrmed  that  they  do  rDUtnall;  eiert,  morpha- 
logicallj,  &  modi^ing  effect  upon  each  other  (Graft- hybrids).  In  practice  several 
diSerent  methods  of  inserting  cuttings  are  in  use,  but  only  the  more  importaut 
can  be  mentioned  here. 

Gjuftino  is  the  union  of  a  shoot  with  a  young  and  approximately  equally- 
ileveloped  wild  stock.  Both  are  cut  obliquely  with  a  clean  surface,  placed 
logether,  and  the  junction  protected  from  the  entrance  of  water  and  fungi  by 
means  of  grafting  wax. 

Cleft  or  tongue  draftinc  is  the  inseition  of  weaker  shoots  in  a  strougei 
stock.  Several  shoota  are  usually  placed  in  the  cut  stem  of  the  stock,  care  being 
taken  that  the  cambial  region  of  the  diHerent  portions  are  in  contact,  that  the 
cortex  of  the  shoots  is  in  contact  with  that  at  the  stock.  In  other  methods  of 
grafting  the  cut  end  of  the  shoot  is  split  longitudinally  and  tbe  cut  shoot  inserted 
in  the  periphery,  or  a  graft  may  be  inserted  in  the  cortex  or  in  the  side  of  tbe 
stock.  In  grafting  in  tbe  cortex  the  flatly-cut  shoot  is  inserted  in  the  space  cut 
between  the  bark  and  the  splint  wood  (Fig.  193,  I). 

In  lateral  gralting,  the  shoot,  after  buing  cut  down,  is  wedged  into  a  lateral 
incision  in  the  stock. 

A  special  kind  of  grafting  is  known  as  nrnDiSG  (Fig.  193,  III).  In  this 
JTOcess  a  bud  ("  eye")  and  not  a  twig  is  inserted  under  the  bark  of  the  stock. 
The  "eye"  is  left  attached  to  a  shield-shaped  piece  of  bark,  which  is  easily 
•eparated  from  the  wood  when  the  plants  contain  sap.  The  bark  of  the  stock  is 
opened  by  a  T-shaped  cut,  the  "eye"  inserted,  and  the  whole  tightly  covered. 
Occasionally  some  of  the  wood  may  be  detached  with  the  shield-shaped  piece  of 
buk  (budding  with  a  woody  shield).  In  the  case  of  sprouting  bnds,  the  budding 
is  made  in  spring ;  in  dormant  buds,  which  will  sprout  next  year,  in  summer. 
Budding  is  especially  used  for  roses  and  fVuit-trees. 

The  Phase  of  Elongation 

For  the  performance  of  their  proper  functions,  the  embryonic 
mdiments  of  the  organs  must  complete  their  external  development 
They  must  unfold  and  enlarge.  This  subsequent  enlai^ement  of  tbe 
embryonic  organs  of  plants  is  accomplished  in  a  peculisr  and 
economical  mannei'.  While  the  organs  of  animals  increase  in  size 
only  by  a  corresponding  increase  of  organic  constructive  material  and 
by  the  formation  of  new  cells  rich  in  protoplasm,  and  thus  require  for 
their  growth  large  supplies  of  food  substance,  plants  attain  the  chief 
part  of  their  enlargement  by  the  absorption  of  water — that  is,  by  the 
incorporation  of  an  inorganic  substance  which  is  most  abundantly 
supplied  to  them  from  without,  and  to  obtain  which  no  internal 
nutritive  processes  are  first  necessary.  The  elongation  of  a  plant 
o^an  to  its  definite  extension,  whereby  it  is  often  enlarged  a  hundred 
or  thousand  fold,  may  be  compared  with  the  extension  of  certain  animal 
organs  by  means  of  an  influx  of  water,  as  occurs  in  the  case  of  the 
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Coelenterata  or  Echinodermata.  When  an  ambulacra]  foot  of  a  star- 
fish or  a  eea-urchin  ia  lengthened  from  a  millimetre  to  several  centi- 
metres by  filling  with  water  from  the  water-vascular  system,  the  water 
haa  in  this  instance  the  same  biological  significance  as  in  the  elongation 
of  the  plant  organs,  except  that  in  the  latter  case  the  process  is  not  of 
repeated  occurrence. 

The  great  advantage  resulting  from  this  easy  method  of  enlarge- 
ment is  apparent  from  a  consideration  of  the  importance  of  a  large 
external  surface  for  the  nutrition  of  a  plant.  Assimilation  is  just  so 
much  the  more  productive,  the  larger  the  exposure  of  green  surface, 
and  the  more  accessible  it  is  to  the  surrounding  carbonic  acid.  In 
like  manner,  the  superficial  enlargement  is  exceedingly  advantageous 
as  regards  the  absorption  of  nourishment  from  the  soil.  It  is  accord- 
ingly of  great  economic  value  biolc^ically  that  the  growth  through 
elongation  is  accomplished  chiefly  by  the  absorption  of  water. 

The  absorptioD  of  water  b?  living  cells  doea  not  take  place  with  the  s&ma 
rapidity  and  without  iotenuption  as  in  the  case  of  porous  bodies.  Before  the  cells 
can  take  up  additional  water  they  mtiat  enlarge  bj  actual  procesaea  of  growth. 
The  water,  penetrating  the  young  cells  by  imtiibitiou  or  by  the  force  of  osmotic 
presaure,  it  uniformly  diatributed  through  the  protoplasm,  which  fiUa  the  c«l] ; 
in  case  the  protoplasm  is  already  abundantly  supplied  with  water,  it  ia  instead 
accumulated  in  vacuoles  (Fig.  50).  As  the  vacuoles  contain  also  organic  and 
inorganic  matter  m  solution,  they  exert  an  attractive  force  and  give  rUe  to  fiu-ther 
absorption  of  water.  The  sap  of  the  vacuoles  would,  in  turn,  soon  be  diluted  and 
its  attractive  force  diminished,  were  it  not  that  the  regulative  activity  of  the  proto- 
plaeni  soon  provides  for  a  corresponding  increase  of  the  dissolved  salta,  so  that  the 
concentration  and  attractive  force  of  the  sap  are  continually  being  restored  or  even 
increased.  The  separate  vacuoles  thus  enlarged  ultimately  flow  together  into  one 
large  sap-cavity  in  the  middle  of  the  cell,  while  the  protoplasm  forms  only  a  com- 
paratively thin  layer  on  the  cell  walls,  which  now  eihibit  conaiderable  surface- 
growth. 

During  this  increase  in  the  volume  of  the  cell,  the  protoplasm  has 
experienced  but  little  augmentation  of  its  substance,  or  other  modifica- 
tion. The  enlargement  of  the  cell  has  been  almost  wholly  produced 
by  the  increased  volume  of  water  in  the  sap  cavity,  which,  to  dis- 
tinguish it  from  the  "nutrient  water,"  "imbibition  water,"  and 
"  constitution  water  "  of  the  plant,  may  be  designated  "  inflation  water." 

As  is  often  observed  with  the  occurrence  of  many  vital  phenomeoa, 

.    the  rate  of  distension  of  the  walls  with  the  inflation  water  is  not 

uniform,  but  begins  slowly,  increases  to  a  maximum  rapidity, 

AND    THEN    GRADUALLY    DIMINISHING    ALTOGETHER    CEASES.        As    all 

the  cells  of  equal  age  in  an  organ  go  through  this  process  of  inflation 
at  the  same  time,  the  phenomena  of  increase  and  decrease  in  the  rate 
of  growth  are  apparent  in  the  growth  of  the  organ,  and  give  rise  to 
GRAND  PERIODS  OF  GBOTVTH.  Minor  periods,  or  fluctuations  in  the 
rate  of  growth,  occurring  within  the  grand  periods,  are  due  to  irregu- 


laritiea  in  the  swelling  of  the  cells,  occasioned  by  change  of  temperature, 
light  and  other  influences  operative  on  gronth. 

The  laige  amount  of  water  absorbed  by  tbe  growing  organ  in  the  process  of 
elongation  does  not  lessen  its  rigidity,  but,  on  the  ooutrary,  it  is  to  the  torgor 
Urns  nuintained  that  the  rigidity  is  due  (cf.  p.  165).  Osmotic  pressure  seems 
also  to  t«ke  an  important  part  in  the  growth  of  the  cell  wall  itself.  Cells  in  whicb 
the  turgor  is  destroyed  by  a  decrease  in  tbe  water-supply  exhibit  no  growth  of 
their  cell  walls  ;  it  is  thus  evident  that  the  distension  of  the  cell  walls  is  pbysicaUy 
essentia]  for  their  surface-growth.  This  distension  is  in  itself,  however,  by  no 
means  tbe  cause  of  their  growth  ;  the  internal  physiological  conditions  of  the 
growth  of  the  cell  waltfl  are  dependent  upon  the  vital  activity  of  tiie  living  proto- 
plasm. Without  the  concurrent  action  of  the  protoplasm,  there  is  no  growth  in 
eten  tbe  most  distended  cell  wall ;  on  the  contrary,  active  growth  of  the  cell  wall 
may  take  place  with  tbe  existence  of  only  a  small  degree  of  turgor  tenatou.     A 
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the  other  band,  the  conclusion  be  drawn  that  turgor  tension  is  inoperative  in  the 
processes  of  growth.  The  importance  of  the  turgor  tension  is  variously  estimated, 
Kcording  to  the  conception  of  the  manner  in  which  the  growth  in  substance  of  the 
cell  walls  takes  place.  There  have  been  for  some  time  two  conflicting  theories  in 
regard  to  this.  According  to  one,  the  growth  of  the  cell  wall  is  due  to  tbe  inter- 
polation of  now  particles  of  constructive  material  between  the  already  existing 
particles  of  the  cell-wall  substance  (istl'ssubi-eptios)  ;  in  the  other  theory,  tbe 
assumption  of  tbe  interpolation  of  new  particles  is  disputed,  and  growth  in  surface 
is  attributed  to  the  plastic  [inelastic,  not  resuming  its  original  position)  expansion 
of  the  distended  cell  wall.  As  in  this  case  the  growing  membrane  would  continu- 
slly  become  thinner,  its  growth  in  thickness  results  Irom  tbe  repeated  deposition 
of  new  layers  (apposition)  of  substance  on  the  internal  surface  of  the  original  wall. 
It  is,  however,  a  question  of  purely  theoretical  interest,  by  which  of  the  methods 
the  growth  of  the  cell  membrane  is  effected  in  particular  cases.  While,  in  general, 
neither  of  these  views  is  inconsistent  with  tbe  external  phenomena  of  growth,  in 
a  others  apposition,  seems  to  offer  the 
ict,  not  improbable  that  the  obowth  of 
is  evident  that  at  least  some  degree 
of  turgor  tension  is  necessary  for  the  existence  of  this  form  of  eipanaion.  To  support 
the  theory  of  intnssnsception  it  has  also  been  found  necessary  to  suppose  that  the  , 
new  particles  are  not  interpolated  until  the  spaces  between  the  particles  of  the 
cell-wall  substance  has  been  enlarged  by  the  distension  of  the  wall  itself. 

The  process  of  elongation  has  so  far  been  considered  only  in 
relation  to  the  single  cell,  preparatory  to  the  consideration  of  the 
phenomena  presented  by  the  growth  of  multicellular  organs. 

The  operations  of  growth  in  plant  organs  proceed  very  slowly ;  so 
slowly  as  to  be,  in  general,  imperceptibla  The  stamens,  however,  of 
many  Gramineae  grow  so  rapidly  that  their  elongation  is  evident,  even 
to  the  naked  eye.  An  increase  in  length  of  1*8  mm.  a  minute  has 
been  observed  in  the  stamens  of  Trilicum  (Wheat).  This  approximately 
corresponds  to  the  rate  of  movement  of  the  minute-hand  of  a  watch. 
In  comparison  with  it,  the  next  known  most  rapidly  growing  oi^an 
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is  the  leaf-sheath  of  the  Banana,  which  shows  an  elongation  of  I'l  mm., 
and  a  Bamboo  shoot,  an  increase  in  length  of  06  mm.  per  minute ; 
while  most  other  plants,  even  under  favourable  circumstances,  attain  but 
a  small  rate  of  elongation  (0005  mm.  and  less  per  minute). 

In  order  to  iiifasure  the  growtli  in  leiif(th  of  a  plant,  it  is  cuatomarj  to 
magnify  in  Bome  way  tbe  actual  elongation  for  more  convenient  observation.  This 
may  be  otTected  by  means  of  a  mieroacope,  which  magnifies  the  rate  of  growth 
correspond ingly  with  the  distance  grown.  With  a  liigh  magnifying  power  the 
growitig  apex  of  a  Fungus  hypha  spems  to  advance  across  the  field  of  vision  a«  if 
impelled  by  an  invisible  powei-.  For  large  objects,  the  most  convenient  and  nsual 
method  of  determining  the  rate  of  growth  is  by  means  of  ~' 

principle  of  all  anxanometers,  however  they  may  differ  in  construction,  i 


and  is  based  upon  the  magnification  of  the  rate  of  growth  by  means  of  a  lever  vith 
a  long  and  short  ann.  In  Fig.  1B4,  at  the  left,  a  simple  form  of  auxanometer  is 
shown.  The  thread  fastened  to  the  top  of  the  plant  to  be  observed  is  passed  over 
the  movable  pnlley  (:■),  and  held  taut  by  the  weight  {g),  which  should  not  be  so 
heavy  as  to  exert  any  strain  on  the  plant.  To  the  pulley  there  is  attached  a 
slender  pointer  (Z),  which  is  twenty  times  as  long  as  the  radius  of  the  pnlley,  and 
this  indicates  on  the  scale  (S)  the  rapidity  of  tiie  growth,  magnified  twenty-rold. 
By  a  growth  in  the  length  of  the  plant-stem  of  }  mm.,  the  pointer  noiild  secord 
ingly  register  1  mm. 

Self-regisU'ring  avixauometers  are  also  used,  especially  in  making  extended 
observations.  In  Fig.  194,  at  the  right,  is  shown  one  of  simple  construction.  The 
radius  of  the  wheel  (Jl)  corresjionds  to  the  long  ami,  and  the  radius  of  the  small 
wheel  (r)  to  the  short  arm  of  the  lever,  in  the  preceding  apparatus.  Any  movement 
of  the  wheel,  induced  by  the  elongation  of  the  shoot,  and  the  consequent  descent  of 
the  weight  (*/),  isreconled  on  the  revolving  drum  ((.")  by  the  pointer  attached  to  the 
weight  {Z),  which  is,  in  turn,  balanced  by  the  counterweight  ( ff).     The  drum  li 


PHYSIOLOGY 


covered  with  smoked  paper,  and  kept  in  rotation  by  the  clock-work  (U).  If  the 
drum  is  set  bo  that  it  rotates  on  its  aiis  once  every  liour,  tbe  i>Brpeiidicular 
ilistances  between  the  tracings  on  the  drum  will  indicate  the  proportional  hourly 
growth. 

The  gland  periods  in  the  growth  of  an  organ,  due  to  the  internal  causes,  areclearly 
shown  by  such  a  elf-registering  auxanometers  by  the  gradual  increase  and  final  de- 
crease in  the  perpendicular  distaneea,  represent-  _ 
ing  the  increment  of  growth.  Strkhl  Tound  the 
daily  growth  in  length  of  a  root  of  Lupine,  ex- 
pressed in  tenths  of  millimetres,  tube:  jS,  70,  91, 
97. 185,  l»a,  158,  137. 122,  83,  91,  59,  35.  =5.  8,  2, 
o.  For  the  first  internode  of  the  stem,  growing 
in  the  dark,  the  daily  growth  observed  was  1  8, 
9,  11,  12,  35,  43,  41,50,51,52,  en,  54.43,37,28, 
18,  6,  X,  o. 

The  grand  periods  of  growth,  that  is,  tlie 
gradual  increase  from  nit  to  a  maximum,  and 
the  succeeding  decrease  to  nil  again,  are,  hoW' 
ever,  not  evident  throughout  the  whole  of  a 
root ;  during  the  growth  in  length  only  a  small 
portion  of  a  root  in  actually,  at  one  time,  in 
process  of  eloDgation.      In  roots  of  land-plants 
the  growing  region  e:itends  over  only  about  one 
centimetre   of  the   extreme    tip,   oltcn    indeed 
over  only  i  centimetre  ;  while  all  the  rest  of  the 
root  has  already  completed  its  gronth  in  length. 
This  may  be  made  clear  by  marking  off  with 
india'ink,  near  the  tip  of  a  root,  narrow  zones 
of  equal  width,  which  would  thus  also  be  made 
up  of  celbi  of  nearly  equal  size.     In  Fig.  195,  7, 
is  shown  a  germinating  Bean,  Fina  Faia,  whose 
root-tip   has  been  marked   in  this  way;   Fig. 
195,  //,  represents  the  same  root  after  22  hours 
of  growth.     The  narks  liave  become  se|iarated 
bj  the  elongation  of  the  difTtrent  zouta,  but  in 
different  degrees,    according    to    their    position. 
The  greatest  elongation  is  shown  by  the  trans- 
verse zone  3  ;  from  there  the  growth  in  length 
decreases  towards  the  younger  zones  (2  and  1), 
as  well  as  towards  the  older  {4  to  10).     This 
ptculiar  distribution  of  growth  is  but  the  result 
of  the  grand  periods  of  growth  of  the  cells  in  wtnes  of  different  ages.     In  the 
ntillimetre- broad  zones  ol' a  root  of  Vicia  FabaSAcas  found,  after,  twenty -four  hours, 
thst  the  increase  in  growth,  expressed  in  tenth-millimetres,  was  as  follows  :— 
Zones:  I.,  II.,  III.,  IV.,  V.,  VL,  VII.,  VIII,,  IX.,  X.,  XI, 
Increase:  1.5,58,  B2,    35,    IB,  13,      5,        3,       2,     1,     o. 
The  elongating  region  in  shoot  axes  is  generally  much  longer  than  in  roots, 
and  usnolly  extends  over  several  centimetres,  in  special  cases  even  over  60  or 
more  centimetres.     The  distribution  of  the  increase  corresj)onds  in  stems,  as  in 
roots,  with  the  grand  periods  ofgrowth  of  the  cells.    Even  by  interp.\lakt  qiiowth, 
-  where  the  region  of  elongation  is  not  conlined  to  the  apex  but  occurs  in  any  part  of 
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the  organ,  generally  at  its  base  (leaves  and  flower-stalks  of  many  Uonocotyledons), 
grand  periods  of  growth  are  al«o  apparent.  A  shoot  of  Pkaieolva  mullijlorvf 
which  was  divided,  from  the  tip  downwards,  into  transverse  zones  3'5  mm.  broad, 
showed  in  forty  hours,  according  to  Sachs, 

in  lones :  I.,  II.,  III.,  IV.,  V.,  VI.,  VII,,  Vlli.,  IX.,  X.,  XL,  XII. 
an  increase  of  20,  2S,  4S,    es,    55,    30,     IS,       lo,      lo,     5,     ;,       5 
t«nth -millimetres. 

This  periodicity  in  the  growth  in  length  occurs  even  when  tlje  external  influencrit 
affecting  growth  remain  unchanged,  and  is  determined  by  internal  causes  alone. 

External  Influences  upon  Growtli. — External  factors  oft«n  take 
an  active  part  in  the  process  of  elongation,  either  as  retarding  or 
accelerating  influences.  As  growth  is  itself  a  vital  action,  it  is  affected 
by  any  stimulus  acting  upon  the  protoplasm  ;  on  the  other  hand,  as  it 
is  also  a  physical  function,  it  ia  modified  by  purely  physical  influences. 
Growth  is  particularly  dependent  upon  temperature,  light,  moisture,  the 
supply  of  oxygen,  and  the  existence  of  internal  pressure  and  tension. 

The  INFLUENCE  OF  TEMPERATURE  is  manifested  by  the  complete 
cessation  of  growth  at  a  temperature  less  than  0°  or  higher  than 
iC-SO",  Between  the  minimum  and  maximum  temperatures,  at  which 
growth  ceases,  there  lies  an  optimum  temperature  (p.  163),  at  which 
the  rate  of  growth  is  greatest.  This  optimum  temperature  usually  lies 
between  23°  and  37°  C.  The  three  cardinal  points  of  tempera- 
ture here  given  include  a  wide  range,  as  they  vary  for  different 
species  and  even  for  individual  plants  of  the  same  species.  In  tropical 
plants  the  minimum  temperature  may  be  as  high  as -h  10°  C.,  while 
those  of  higher  latitudes,  where  the  first  plants  of  spring  often  grow 
through  a  covering  of  snow,  as  well  as  those  of  the  higher  Alps  and 
polar  regions,  grow  vigorously  at  a  temperature  but  little  above  zero. 
In  like  manner,  the  optimum  and  maximum  temperatures  show  great 
variation  in  different  species  of  plants.  The  optimum  does  not  usually 
lie  in  the  middle  between  the  minimum  and  maximum,  but  is  nearer 
the  maximum. 

The  INFLUENCE  OF  LIGHT  makes  itself  felt  in  a  different  manner  from 
changes  of  temperature.  Light  as  a  general  rule  retards  growth.  This 
is  apparent  from  observations  on  stems  and  roots  grown  in  the  dark,  and 
is  also  true  in  regard  to  the  growth  of  leaves,  if  the  disturbing  effects 
resulting  from  long- con  tinned  darkness  be  disregarded.  Too  great  an 
intensity  of  light  causes  a  cessation  of  the  growth  of  an  organ,  while 
feeble  illumination  or  darkness  increases  it.  The  effect  of  darkness 
upon  the  growth  of  plants  is,  however,  differently  manifested  according 
to  its  duration,  whether  it  be  continnous,  or  interrupted,  as  in  the 
changes  of  night  and  day.  Long -continued  darkness  produces  an 
abnormal  growth,  in  that  the  growth  of  certain  organs  is  unduly 
favoured,  and  of  others  greatly  retarded,  so  that  a  plant  grown 
altogether  in  the  dark  presents  an  abnormal  appearance.  The  stems 
of  Dicotyledons,  in  such  case,  become  unusually  elongated,  also  soft  and 
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white  in  colour.  The  leaf-blades  are  email  and  of  a  yellow  colour, 
and  remain  for  a  long  time  folded  in  the  bud  (Fig.  196,  E).  A 
plant  grown  under  such  conditions  is  spoken  of  as  "  etiolated." 

i  size  of  the  leaf-blades  and  the  elongation  of  the  stem 
nifested  by  all  plants,  nor  nnder  all  circumatances.    The 

stemB,  for  instance,  of  certain  Cadi  are  much  shorter  when  grown  in  the  dark  than 

in  the  light.     Similarly,  the  leavea  of  varieti«a  of  the  Beet  {Bcln)  grow  as  large, 

or  erea  larger,  in  the  dark  than  in  the  light ;  this  is 

also   true,  under  conditions  favourable  to  nutrition,  of 

the  leaves  of  other  plaata  (Cucarbila),     In  the  shade  of 

a  forest  leaves  often  become  larger  than  in  full  dajlight. 

They  are  then  proportionally  thinner,  and  the  palisade 

oelle  which,  in  leaves  fully  eiposed  to  the  light,  are  in 

close  contact,  become  pointed  below,  and  thus  produce 

intercellular  spaces  between   them.      In  this  way  the 

modifying  influence  of  light  of  diminished  intensity  is 

apparent  in  the  internal  structure  of  such  scotophilous 

leaves.      Flowers,    however,   if   sufficient   constructive 

material  be  provided  by  the  assimilating  leavea,  develop, 

sccording  to  Sachs'  ol»ervations,  as  well  in  the  dark  as 

in  the  sunlight,  except  that  they  are  sometimes  paler  in 

colour.      If,   however,  the  assimilatory  activity  of  the 

green  leaves  be  reduced  or  destroyed  by  depriving  them 

of  hght,  many  plants,  as  VOchtino  found,  form  only 

inconspicnons  or  cleistogamous  flowers. 


The  tissues  of  etiolated  stems  and  leaf-stalks 
are  fuller  of  water  and  thinner- walled  than  Jn 
normally  growing  planta.  Even  the  roots  of 
such  plants  are  often  found  to  be  less  strongly 
developed.  The  supply  of  reserve  material  at 
the  disposal  of  plants  growing  in  the  dark  is 
utilised,  together  with  the  help  of  an  unusual 
amount  of  inflation  water,  in  the  elongation  of 
the  axis.  This  elongation  of  the  shoot  axis, 
resulting  from  growth  in  darkness,  is  of  especial 
value  in  the  development  of  young  plants  from 
underground  tubers,  rhizomes,  and  seeds ;  for 
in  this  way  the  light  is  quickly  reached,  and 
they  are  the  sooner  capable  of  independent 
nutrition.  The  advantage  derived  from  a  rapid 
elongation  is  especially  apparent  when  the  leaves 
mnst  themselves  reach  the  light  by  their  own  elongation.  This  is 
often  necessary,  particularly  for  the  leaves  of  Monocotyledons,  which 
spring  from  bulbs  and  rhizomes.  They  act  just  as  the  stems  of 
Dicotyledons,  and  attain  an  abnormal  length  in  the  dark. 

From  what  has  already  been  said  it  would  seem  that  planta  must 
grow  more  rapidly  during  the  night  than  day,  and  this  is  actually  the 
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case  where  other  conditions  affecting  growth  remain  the  same  by 
night  as  by  day.  A  too  low  temperature  during  the  night  may,  how- 
ever, completely  counteract  the  accelerating  influence  of  darkness  upon 
the  growth. 

Just  as  the  rays  of  light  of  difTerent  wave-length  and  refrangi- 
hility  were  Tound  to  be  of  different  value  in  the  process  of  assimilation, 
so  growth  is  by  no  means  equal  in  differently-coloured  light     It  IS  TO 

THE    STRONGLY    REFRACTIVE,    SO-CALLED    CHEMICAL,    RAYS   THAT   THE 


iNFLl'ENCK  OF  LIGHT  ON  GROWTH  IS  DUE:  the  red-yellow  end  of  the 
spectrum  acts  upon  many  plants  in  the  same  manner  as  darkness. 

Moisture  exerts  a  twofold  influence  upon  growth.  It  a(*fl  as  a 
stimulus,  and  also,  by  diminishing  transpiration,  increases  turgidity. 

Plants  in  damp  situations  are  usually  larger  tlian  those  grown  in  dry  places, 
ftnd  in  fact  may  differ  from  tliem  in  tlieir  whole  liabit  and  mode  of  growth.  Direct 
contact  with  water  seems  freiiiiently  to  exert  a  special  influence  upon  the  external 
form  of  planCx.  Amjiliibions  plants,  that  ia,  such  as  are  capable  of  living  both 
upon  land  and  in  water,  often  assume  in  water  an  entirely  diffprent  form  trom  thai 
which  they  |i093css  in  air.  This  variation  of  form  is  particularly  manifested  in  the 
leaves,  which,  so  long  as  they  grow  in  water,  are  linely  dissected,  while  in  the  air 
their  leaf-blades  are  much  broader  (Fig.  Ifl").  The  loaf-stalks  and  intemodes  also 
often  exhibit  a  very  different  form  in  air  and  water,  and  imdergo  the  same  abnormal 
elongation  as  in  darkness.  This  is  especially  noticeable  in  submerged  water-plants, 
whose  organs  must  be  brought  to  the  surface  of  the  water  (young  stems  and  leaf- 
stalk of  Trapa  twtowj,  stem  of  JTippuria,  leaf-stalk  of  Xymphaea,  Nvphar,  Hydro- 
charii).  Such  plants  are  enabled  by  tliis  power  of  elongating  their  stems  or  leaf- 
stalks to  adapt  themselves  to  the  depth  of  the  water,  remaining  short  in  sEiallow 
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w»ter  and  becoming  very  long  in  deep  water.  The  preaeure  of  tbe  water  upon  the 
tip  of  the  growing  orgau,  as  well  as  the  insufficient  supply  of  oxygen,  seem  to  act 
upon  tbe  growth,  in  this  instance,  as  regulating  stimuli. 

The  great  importance  of  free  oxygen  has  already  been  alluded  to  in  connection 
with  respiration  (p.  219).  Without  gaseous  or  dissolved  oijgen  in  its  immediate 
envlronmeDt  the  grovtb  of  a  plant  entirely  ceases. 

ifeekanical  Injiuenee. — Pressure  and  traction  exert  a  purely  mechanical  influ- 
ence upon  growth,  and  also  act  at  the  aanie  time  as  stimuli  upon  it.  External 
pressure  at  first  retards  growth  ;  it  then,  however,  according  to  Ffekfes.  stimu- 
lates the  protoplaam  and  occasions  the  distension  of  the  elastic  cell  walls,  and 
[reqnently  also  an  increase  of  turgor.  As  a  consequence  of  this  increased 
turgor  the  counter -resistance  to  the  eiternal  pressure  is  intensified.  If  the 
resistance  of  the  body  exerting  the  pressure  cannot  be  overcome,  the  plasticity 
of  the  cell  walis  renders  possible  a  moat  intimatt  contact  with  it ;  thus,  for 
instance,  roots  and  root-hairs  which  penetrate  a  narrow  cavity  so  completely  fill  it 
that  they  seem  to  have  been  poured  into  it  in  a  fluid  state.  It  would  be  natural 
to  suppose  that  the  effect  of  such  a  tractive  force  as  a  pull  would  accelerate  growth 
in  length,  by  aiding  and  sustaining  turgor  expansion.  But  the  regulative  control 
exercised  by  the  protoplaam  over  the  processes  of  growth  in  audi  that  meclianical 
slrain,  as  Heoler  has  shonn,  acts  upon  growth  to  retard  it  (except  in  the  maximum 
of  the  grand  periods].  The  elastic  resistance  and  rigidity  of  cell  walls  are  in- 
creased by  the  action  of  a  strain  ;  such  a  strain  may  also  induce  the  fontiation  of 
collenchyma  and  sclerenchyma  which  would  not  otherwise  have  been  developed. 

The  Internal  Development  of  tbe  Organs 

The  internal  developmeot  of  the  organs  is  only  completed  after 
they  have  finished  their  elongation  and  attained  their  ultimate  size. 
They  are  then  first  enabled  to  fully  exercise  their  special  function. 
To  this  end  cell  cavities  usually  become  more  or  less  fused,  and  the  cell 
walls  thickened,  often  in  a  peculiar  and  characteristic  manner  (p.  75). 

In  the  case  of  plants  equipped  for  a  longer  duration  of  life,  a 
growth  in  thickness  follows  the  growth  in  length  (p.  119). 

Periodicity  In  Development,  Duration  of  Life,  and  Continuity  of 
tbe  Embryonic  Substance 

The  periodically  recurring  changes  in  the  determinative  external 
influence,  especially  in  light  and  temperature,  occasioned  by  the  alter- 
nations of  day  and  night  and  of  the  seasons,  cause  corresponding 
periodical  variations  in  the  growth  of  plants.  These  variations  do 
not  follow  passively  every  change  in  the  condition  of  the  exteraal 
influences.  On  tbe  contrary,  the  internal  vital  processes  of  plants  so 
accommodate  themselves  to  a  regular  periodicity  that  they  continue 
for  a  time  their  customary  mode  of  growth,  independently  of  any 
external  change.  The  nightly  increase  of  growth,  which  is  especially 
noticeable  after  midnight  in  the  curve  of  growth,  and  the  retardation  of 
growth,  specially  marked  after  mid-day,  will  continue  to  be  exhibited 


>^jOOg[c 


for  some  time  in  proloiige<l  darkness  when  the  temperature  remains 
constant,  thus  under  these  conditions  Helianthus  tuberoms  has  been 
observed  to  continue  its  regular  daily  periods  for  two  weeks,  afibrding 
an  example  of  the  inexphcable  occurrence  of  so-called  ATTER-KprEcrs, 
which  are  frequently  mentioned  in  a  later  chapter. 

Still  greater  is  the  influence  exerted  on  the  life  of  plants  by  the 
altercation  of  winter  and  summer,  which  in  the  plants  of  the  colder 
zones  has  rendered  necessary  a  well-marked  winter  rest  This  is  not 
in  reality  an  absolute  rest ;  for  although  the  outwardly  visible  pro- 
cesses of  development  and  growth  stand  still,  the  internal  vital  pro- 
cesses, although  retarded,  never  altogether  ceaae. 

The  ANKUAL  PEBIODS  of  growth  occasioned  b;  climatic  changes,  which  ore  ren- 
dered so  noticeahle  by  the  falling  of  the  leaves  in  the  autumn,  and  the  develop- 
ment of  new  shoots  and  lesiVes  in  the  spring,  have  stamped  themselves  so  indelibly 
upDil  the  life  of  the  trees  and  ehrubs  of  the  temperate  zones,  that,  when  colti- 
vated  in  tropical  lauds  where  other  plants  are  green  throughout  the  year  and 
blossom  and  bear  fruit,  tbey  continue  to  lose  their  leaves  and  pass  for  a  short  time 
At  least  into  a  stage  of  rest.  The  Oak  and  Beech  have  become  so  habituated  to 
this  annual  periodicity  that  they  never  depart  from  it ;  other  trees  again  grodnally 
accustom  themselves  to  the  new  conditions,  as  the  Cherry  and  Peach,  for  instance, 
which  in  Ceylon  have  become  evergreen  trees.  The  Peach  is  reported  to  prodnoe 
flowers  and  fruit  throughout  the  entire  year  ;  while  the  Cherry,  tike  many  other 
trees  of  the  temperate  zone,  ceases  altogether  to  bear  flowera  in  tropical  climates. 
It  ia  duo  to  a  similar  habituation  to  an  annual  periodicity  that  in  aome  cases  it  is 
80  difficult,  or  even  altogether  impossible,  to  indnco  plsnts  by  artificial  culture  to 
flower  out  of  season.  The  behaviour  ofdiHerent  species  also  varies  in  this  respect ; 
in  general,  those  flowers  accommodate  themselves  beat  to  forcing  which,  like  the 
Hyacinth,  Crocus,  Tulip,  Syringa,  and  Com-iit  nuu,  naturally  flower  early.  That 
the  internal  vital  processes  are  not  promoted  by  artificial  heat  to  the  same  extent 
aa  growth  in  length,  is  at  once  perceptible  from  the  abnormal  appearance  of  many 
forced  plants  whose  leaves  and  flowers  do  not  attain  their  full  development  (the 
Howers  of  the  Lily  of  the  Valley,  when  forced  artificially,  develop  even  before  the 
leaves). 

Low  temperature,  especially  trost,  is  often  of  advantage  in  the  preparatory 
vital  processes  during  the  period  of  rest ;  this  is  made  evident  by  the  accelerated 
transformation  of  the  reserve  material,  and  by  the  active  growth  in  spring. 

Although  to  so  many  plants  winter  is  the  season  of  rest  and  cessation  from 
growth,  other  plants,  c.ij.  certain  Lichens  and  Mosses,  seem  to  find  in  the  warmer 
days  of  winter  the  most  favourable  couditjons  of  vegetation  ;  and  in  summer,  on 
the  contrary,  either  do  not  grow  at  all  or  only  very  little.  Similarly,  many  spring 
plants  attain  their  highest  development,  not  in  summer,  but  during  the  variable 
weather  of  March  and  April,  aud,  for  the  most  part,  they  have  entered  upon  tbeir 
rest  period  when  the  suiumer  vegetation  is  just  awakening. 

In  countriea  where  there  are  alternate  rainy  and  dry  periods,  the  latter  generally 
corres|iond  to  the  winter  period  of  vegetative  rest. 

Duration  of  Plani  Life. — The  life  of  a  plant,  during  the  whole  of 
its  development,  from  its  germination  to  its  death,  is  dependent  upon 
external  and  internal  conditions.     In  the  case  of  the  lower  vegetable 
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organisms,  Euch  as  Algae  and  Fungi,  their  whole  existence  may  be 
completed  withia  a  few  days  or  even  hours,  and  indeed  some  of  the 
higher  herbaceous  plants  last  only  Tor  a  few  weeks,  while  the 
persistent  shrubs  and  trees,  on  the  other  hand,  may  live  for  thousands 
of  years. 

After  the  fonnation  of  the  seeds,  there  occurs  in  many  plants  a 
cessation  of  their  developmental  processes,  and  such  a  complete 
exhaustion  of  vitality  that  death  ensues.  Such  an  organic  termination 
of  the  period  of  life  occurs  in  our  annual  summer  plants,  but  also 
takes  place  with  plants  in  which  the  preparatory  processes  for  the 
formation  of  fruit  have  extended  over  two  or  more  years,  as  in  the 
case  of  the  10  to  40-year-old  Agave,  which,  after  the  formation  of 
its  stately  inflorescence,  dies  of  exhaustion.  In  plants,  on  the  other 
hand,  which  in  addition  to  the  production  of  flowers  and  fruit  accu- 
mulate also  a  reserve  of  organic  substance,  and,  with  their  reproductive 
organs,  form  also  new  growing  points,  life  does  not  cease  with  the 
production  of  the  seeds.  Such  plants  possess  within  themselves  the 
power  of  unlimited  life,  the  duration  of  which  may  only  be  terminated 
bj  unfavourable  external  conditions,  the  ravages  of  parasites,  injuries 
from  wind,  and  other  causes. 

The  longevity  of  trees  having  an  historical  interest  is  naturally 
best  known  and  most  celebrated,  although,  no  doubt,  the  age  of  many 
other  trees,  still  living,  dates  back  far  beyond  historical  times. 

The  celebrated  Lime  of  Keustadt  iu  Wurtemberg  is  between  800  and  1000 
jeuB  old  ;  the  age  of  the  Fir  of  B£qu^  is  estimated  at  1200  years,  and  a  Yew  in 
Brabnm  (Kent)  is  at  leaat  aa  old.  A  stem  of  a  Sequoia  in  the  British  Museom 
has,  with  13S0  annual  rings,  a  diameter  of  4'6  m.,  and,  according  to  Carhutbers, 
must  have  originally  been  2S'5  m.  in  circumference.  An  Adansonia  at  Cape  Verde, 
wliose  stem  is  8-9  m.  in  diameter,  and  a  Water  Cypress,  near  Oaxaca,  Mes:ico,  are 
also  well-known  examples  of  old  trees.  Of  an  eijually  astonishing  age  must  hare 
been  the  celebrated  Dragon-tree  of  Orotara,  which  was  overturned  in  a  storm  in 
ISflS,  and  afterwards  destroyed  by  fire.  The  lower  plants  also  may  attain  a  great 
age ;  the  apically  growing  mosses  of  the  calcified  Oymnoalimium  clumps,  and  the 
sterna  of  the  Sphagnaceat,  metre-deep  in  a  peat-bog,  must  certainly  continue  to  live 
for  many  hundred  years. 

In  thus  referring  to  the  ages  of  these  giant  plants,  it  must  not 
be  understood  that  all  the  cells  remain  living  for  so  long  a  time, 
hut  rather  that  new  organs  and  tissues  are  developed,  which  continue 
the  life  of  the  whole  organism.  All  that  is  actually  visible  of  a 
thousand-year-old  Oak  is  at  most  but  a  few  years  old.  The  older 
parte  are  dead,  and  are  either  concealed  within  the  tree,  as  the  pith 
and  wood,  or  have  been  discarded  like  the  primary  cortex.  The  cells 
of  the  original  growing  point  have  alone  remained  the  whole  time 
alive.  They  continue  their  growth  and  cell  division  so  long  as  the  tree 
exists ;  while  the  cells  of  the  fundamental  tissue  arising  from  them, 
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and  destined  for  particular  purposes,  sU  loee  their  vitality  after  a 
longer  or  shorter  performance  of  their  functions. 

The  cells  of  ttte  rooC-baira  afUu  live  for  only  a  few  days ;  the  same  ia  also  trup 
of  the  glaudular  cells  and  trichomea  of  atenis  and  leaves.  The  Vi'oi>d  and  baat  fibreii, 
aa  also  the  sclerencliymatOQB  cella,  lose  their  living  protoplaam  after  a  short  time. 
Entire  organs  of  long. lived  plants  have  frequently  but  a  short  existence;  the 
sepals,  petals,  and  stamens,  for  example.  The  foliage  leaves,  also,  of  deciduous 
trees  live  only  e.  few  summer  mouths  and  then,  after  being  partly  emptied  of  their 
Gontenta,  are  discarded. 

Before  the  falling  of  leaves  a  separative  layer  is  firat  fonned  in  the  elongating 
leaf-base  (p.  143) ;  while  a  layer  of  cork,  formed  either  before  or  after  the  leaf- 
foil,  closes  the  leaf-scar.  The  fortnation  of  ice  in  the  absciss  layer,  as  may  easily 
be  observed  after  the  Hrst  frost,  lacilitates  the  separation  of  the  leaf  from  the 
stem.  The  leaves  even  of  evergreen  plants  continue  living  but  a  few  years,  before 
they  too  fall  off.  Small  twigs,  especially  of  Conifers,  are  also  subject  to  the  same 
fate. 

The  cells  of  the  medullary  rays  afford  the  beat  eiamploa  of  long-lived  cells  con- 
stituting permanent  tissues.  In  many  trees,  as  in  the  Beech,  living  medullary 
ray  cells  over  a  bundled  years  old  have  been  found,  although,  for  the  most  i»rt, 
they  live  only  about  fifty  yearEs. 

Contirmily  of  the  Emhryonic  Subslance. — While  the  ceUs  of  the 
permanent  tissue  have  thus  but  a  limited  activity,  the  vitality  of 
the  embryonal  tissues  is  unlimited,  and  never  terminates  from  natural 
causes.  From  such  embryonal  tissue  the  growing  points  of  pereimial 
plants  are  formed,  and  the  growing  points  of  their  descendants,  as 
Sachs  has  pointed  out,  are  also  derived  from  it,  through  the  aubatance 
of  the  sexual  cells.  The  embryonic  substance  does  not  change ;  it 
produces  new  individuals,  which  live  but  a  short  time,  but  is  itself 
perpetuated  in  their  offspring ;  it  continues  always  productive,  always 
rejuvenescent  and  regenerative.  The  thousands  and  thousands  of 
generations  which  have  arisen  during  the  past  ages  were  its  products ; 
it  continues  living  in  the  youngest  generations  with  a  capacity  for 
production  still  unabated  and  undiminished.  The  single  organism  is 
perishable  ;  its  embryonic  substance,  however,  is  imperishable  and 
unchangeable,  and  continually  gives  rise  to  new  tissues.  Considered 
from  this  standpoint,  the  difference  between  short-  and  long-lived 
plants,  between  annual  herbs  and  thousand-year-old  trees,  appears  in 
quite  another  aspect  From  the  embryonic  substance  of  the  oldest 
trees  there  are  produced,  each  year,  new  leaves  and  shoots,  which, 
however,  remain  unit«d  with  the  dead  remains  of  former  years.  In 
annual  herbs,  on  the  other  hand,  the  embryonic  substance  in  the 
embryo  becomes  sepai-ated  each  year  from  the  dead  plant,  and  develop- 
ing new  leaves,  stems,  and  roots,  forms  a  completely  new  individual. 

The  old  and  well-known  maxim  of  Harvey's,  "  Omne  vivum  ex 
ovo,"  is,  in  other  words,  only  the  expression  of  the  principle  of  the  con- 
tinuity of  the  embryonic  substances.    And  similar  to  it,  in  its  continual 
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vitality  and  organic  imperishability,  is  the  substance  of  tlie  lowest 
uoicellular  organisms,  continually  reproducing  themselves  by  division 
and  ever  changing  into  new  individuals. 

V.  The  Phenomena  of  Movement 

In  every  living  organism  there  is  constantly  occurring  in  the 
course  of  the  metabolic  processes  an  active  movement  and  transpK)si- 
tion  of  substance.  As  these  movements  are  for  the  most  part 
molecular  they  are  generally  imperceptible ;  but  that  they  actimlly 
take  place  is  demonstrated  with  absolute  certainty  by  the  local 
accumulation  and  diminution  of  substance,  shown  both  by  weighing 
and  by  the  results  of  chemical  analysis.- 

There  are  also  other  forms  of  movement  which  play  an  important 
part  in  the  physiology  of  every  organism,  and  on  which  its  vital 
processes  are  to  a  large  extent  dependent :  these  are  the  movements 
due  to  heat  and  the  related  conditions  of  vibration  resulting  from 
light,  electricity,  etc. 

Apart  from  the  movements  of  this  class,  which  may  take  place 
within  organisms  which,  externally,  are  apparently  at  rest,  there  occur 
also  in  plants  actual  CHANGES  IN  position,  externally  noticeable  but 
usually  of  gradual  operation ;  yet  in  special  cases  they  may  involve 
rapid  motioiL  These  movements  may  be  carried  on  either  by  the 
whole  plant  or  by  single  organs.  Reference  is  here  made  only  to  the 
SPONTANEOUS  MOVEMENT  resulting  from  the  activity  of  a  plant  organism 
itself,  and  this  should  not  be  confused  with  the  passive  movements 
due  to  externally  operating  mechanical  agencies,  such  as  water  and 
wind,  which,  although  they  have  a  certain  importance  for  plant  life, 
will  not  be  here  considered. 

Protoplasm  itself  is  capable  of  different  movements.  Naked 
protoplasmic  bodies  almost  always  show  slow  movements  resulting  in  a 
graduiil  change  of  position  ;  but  cells  enclosed  by  cell  wails  possess  also 
the  power  of  INDEPENDENT  locomotion,  often  indeed  to  a  considerable 
extent.  Multicellular  plants,  however,  as  a  rule  ultimately  attach 
themselves,  by  means  of  roots  or  other  organs,  to  the  place  of  germina- 
tion, and  so  lose  for  ever  their  power  of  locomotion,  except  in  so  far 
as  it  results  from  growth.  A  gradual  change  in  position  due  to 
growth  is  apparent  in  plants  provided  with  rhizomes,  the  apical  ex- 
tremities of  which  are  continually  growing  forward,  while  the  older 
portions  gradually  die  otf.  A  yearly  elongation  of  5  cm.  in  the 
apical  growth  of  the  rhizomes  would  result,  in  twenty  years,  in 
moving  the  plant  a  distance  of  one  metre  from  its  original  position. 
A  seedling  of  Cusaila  in  its  search  for  a  host  plant  illustrates  the  power 
of  maintaining,  for  a  time,  a  creeping  movement  over  the  surface  of 
the  soil ;  a  growing  Caulerpti  (Fig.  250)  likewise  exhibits  in  the  course 
of  ^'ears  a  similar  advancing  movement.     In  addition  to  these  move- 
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mente,  occasioned  by  a  growth  in  length,  plants  firmly  established  in 
the  soil  possess  also  the  power  of  chaoging  the  position  and  direction 
of  their  organs  by  means  of  curvature  and  ROTATION.  In  this  way 
the  organs  are  brought  into  positions  necessary  or  advantageous  for  the 
performance  of  their  function.  By  this  means,  for  example,  the  sterna 
are  directed  upwards,  the  roots  downwards ;  the  upper  sides  of  the 
leaves  turned  towards  the  light;  climbing  plants  twined  about  a 
support,  and  the  stems  of  seedlings  so  bent  that  they  break  through 
the  soil  without  injury  to  the  young  leaves. 

Movements  of  Naked  Protoplasts 
The  creeping  movements  of  naked  protoplasts,  such  as  are  shown 
by  an   amceba  or  plasmodium,  in  the  protrusion,  from  one  or  more 
sides,  of  protuberances  which  ultimately  draw  after  them  the  whole 
protoplasmic    body,    or    are    themselves 
'  again  drawn  in   (Fig.   198),  are  distin- 

guished as  AiiKEBOiD  MOVEBIENTS.    These 
movements     resemble,     externally,     the 
motion  of  a  drop  of  some  viscid  fluid  on 
F  a  surface  to  which  it  does  not  adhere,  and 

^  are  chiefly  due,  according  to  Berthold,  to 
superficial  tension,  which  the  protoplasm 
can  at  different  points  increase  or  diminish, 
by  means  of  its  quality  of  irritability. 
(By  means  of  irregular  changes  of  surface- 
_  tension  similar  amceboid  movements  are 

also  exhibited  by  drops  of  lifeless  fluids.) 

"srrowrinJiciiM  ttre''d*i™tioii  nnJ  I"     ^be    SWIMJIIXU      MOVEMENTS      BY 

ene>Byortl'"uioveiiieiit;thecroMes,    MEANS    OF    CILIA,    OU    the    contrary,    the 

oio  i-oints  at  reaL    At  [hs  time  ^jj^jg  protoplasmic  bodv  IS  Hot  involved, 

being  the   priiicijial   raoveiiient  la  .    "^  '  ■'  ' 

rmin  a  to  r.  but  ut  uiy  niDmimt  it  but  it  possesses  special  organs  of  motion 

may  be  tovrarf*  Jt  or  t,  and  so    in    the    form    of    wliip-liko    FLAGBLLA    or 

ukeirby Uie nrnwiML  °  ""^°"™  CILIA.  These  may  be  one,  two,  four 
or  more  in  number,  and  arranged  in 
various  ways  (Figs.  69,  70).  They  move  very  i-apidly  in  the  water 
and  impart  considerable  velocity  to  the  protoplast,  often  giving  it  at 
the  same  time  a  rotatory  movement,  AVhile  the  swiftest  ship  requires 
10-15  seconds  to  travel  a  distance  equal  to  its  own  length,  the  velocity 
with  which  these  protoplasmic  bodies  are  impelled  by  their  cilia,  in  a 
second,  is  two  or  three  times  their  length,  although,  owing  to  their 
diminutive  size,  the  distance  travelled  by  them  in  an  hour  would 
amount  to  only  about  a  metre.  The  protoplasmic  body  is  conveyed 
by  the  motion  of  the  cilia  in  a  definite  direction,  which  is  so  regulated 
by  the  action  of  stimuli  that  it  may  be  instantly  changed.  In  this 
way  the  direction  and  velocity  of   the  ciliary  movements  are  made 
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serviceable  to  the  protoplasmic  oi^anisms  through  the  irritability  of 
the  protoplasm.  Gravity  and  light,  certain  substances  in  solution, 
and  mechanical  hindrances  are  the  principal  influences  which  regulate 
the  movements  of  free-swimming  protoplasmic  bodies  and  cells. 
The  direction  of  the  movements  of  the  Bwarm-spores  of  Algae  are 
chiefly  determined  by  the  light.  So  long  as  they  remain  in  darkness 
they  move  through  the  water  in  all  directions ;  but  as  soon  as  they  are 
illumiiuted  from  one  side  only,  a  definite  direction  in  their  movements 
is  perceptible.  They  move  either  straight  towards  the  light  or  turn 
directly  away  from  its  source.  Their  retrogressive  movements  from 
the  light  occur  either  in  case  of  too  intense  illumination,  or  at  a  certain 
age,  or  tlux>ugh  some  unknown  disturbing  irritation.  The  advantage 
of  such  HELioTACTic  MOVEMEN'TS  (phototactjc)  is  at  once  apparent  when 
the  pnrt  taken  by  the  swarm-spore  in  the  life  of  an  Alga  is  considered. 
In  order  to  provide  for  the  future  nutrition  of  the  stationary  Alga 
into  which  it  afterwards  develops,  it  must  seek  the  light.  If  a  point 
with  suitable  (that  is,  not  too  intense  and  not  too  weak)  illumination 
be  attained,  then  the  swarm-spore  must  attach  itself  by  the  end  which 
tarries  the  cilia :  to  do  this  it  must  turn  itself  from  the  light  towards  a 
dark  object.  On  the  other  hand,  as  the  swarm-spores  do  not  come  to 
rest  at  all  in  absolute  darkness,  but  swim  continuously  until  thoroughly 
exhausted,  the  possibility  of  their  attaching  themselves  in  a  spot  devoid 
of  hght  is  excluded,  and  where  the  new  plant  could  not  assimilate. 

The  SWARM-SPORES  of  water  Fungi  and  motile  Bacteria,  according  to 
Pfeffer's  investigations,  are  chiefly  influenced  in  their  movements  by 
(he  unequal  distribution  of  dissolvml,  solid,  or  gaseous  matter  (oxygen) 
in  their  environment  According  to  their  momentary  requirements  and 
their  sensitiveness  to  stimuli,  they  move  either  towards  or  away  from 
the  points  of  highest  concentration. 

As  the  result  of  similar  CHEMOTACTIC  MOVEMENTS  sperraatozoids 
approach  the  female  sexual  organs.  Pfeffer  has  demonstrated  that  the 
spermatozoids  of  Ferns  are  enticed  into  tlie  long  necks  of  the  archegonia 
by  means  of  malic  acid ;  while  the  archegonia  of  the  Mosses  attract  tlie 
spermatozoids  by  a  solution  of  cane-sugar.  In  such  cases  an  extremely 
small  quantity  of  dissolved  substance  is  often  a  sufficient  stimulus  to  call 
forth  active  chemotactic  movements  ;  a  0001  per  cent  solution  of  malic 
acid  suffices  for  the  attraction  of  Fern  sperm atozoids.  The  movements 
of  amixbse  and  plasmodta  are  similarly  induced  by  external  influences. 
These  naked  protoplasts  live  not  only  in  water  (amceb»),  but  also 
in  moist  substrata  (plasmodia,  amuebie),  and  seem  to  possess  the 
power  of  seeking  out  situations  with  more  moisture,  or  of  avoiding 
them  (before  the  formation  of  spores)  r  their  movements  are  also 
influenced  by  the  direction  of  currents  in  the  water  (rheotaxis).  In 
cases  where  cells  enclosed  by  cell  walls  {Sphaerdla  plucMlis)  swim  freely 
about  by  means  of  cilia,  the  cilia  spring  from  the  protoplasm  and 
pierce  the  cell  walls. 
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Diatoms  and  Deaniids  exhibit  quite  a  diffcreut  clasB  of  movcmenta.  Th* 
Diatoms  glide  along,  usually  in  a  line  wicli  their  longitudinal  axes,  and  chnnge 
the  dirrction  of  tlieir  movements  by  oscillatory  niotious.  From  the  manntr  in 
v'hicli  small  ]iBrticleH  in  their  neighbourhood  are  set  in  motion,  it  was  concluded 
that  n]>ocia1  organs  of  motion  probably  protrudr,  like  ;>sGudo]H«Iia,  through  openings 
in  their  hard  silicified  shell  ;  while  more  recently,  in  a  few  instances,  HArpTFLEiar h 
has  been  able  to  render  visible  the  protoplasmio  motile  organs.  The  protrusion  of  s 
transparent  thread  of  mucilaginous  matter  JH  claimed  to  have  been  seen  by  Butsohu 
and  Lautkrhokn  in  the  case  of  a  large  Diatom  which  propelled  itself  by  this  means. 
This  mean:^  of  locomotion  resembles  that  of  the  nearly  related  Desmida,  which,  it 
has  been  shown,  maintain  their  peculiar  movometits  with  the  help  of  a  similar 
mucilaginous  protrusion.  The  pendulous  advancing  movements  of  the  htamentoils 
OKi'llariiie  and  Spiridiiiae  are  also  said  to  be  dependent  upon  similar  mucilaginoua 
exudations.     The  mechanism  of  the  movements  of  h'2'irogsra  is  still  unexplained. 


The  Hovements  of  Protoplasm  within  Walled  Cells 

Although  plants  which  are  firmly  attached  and  Etationary  exhibit 
no  such  locomotory  movements,  the  protoplasm  within  their  cells  does 
possess  a  power  of  movement  Such  internal  protoplasmic  movements 
are  especially  active  in  the  non-cellular  Siphoueof,  in  the  elongated 
intemodal  cells  of  the  Characeae  (Fig.  167),  and  often  in  the  hairs  of 
many  plants,  as  well  as  in  the  leaf-cells  of  some  aquatic  plants.  The 
active  protoplasmic  currents  in  Caiderpa  move  aloug  its  outer  walls  and 
around  the  internal  cellulose  bands,  stretching  from  wall  to  wall  in  the 
manner  of  an  immense  imprisoned  plasmodium. 

The  tliree  following  different  forms  of  protoplasmic  movement 
within  cell  cavities  may  be  distinguished  :    CIRCULATION,  rotation, 

and  ORIENTATION. 

In  the  case  of  circulatory  movement  the  different  currents  of 
protoplasm,  although  often  quite  close  together,  flow  in  different 
directions.  This  motion  is  seen  most  frequently  in  cells  of  which  the 
nucleus  is  suspended  in  the  centre  of  the  cell  cavity  by  means  of 
protoplasmic  threads.  In  these  threads  continuous  protoplasmic 
currents  flowing  towards  and  away  from  the  nucleus  connect  the 
protoplasm  enveloping  it  with  the  protoplasm  clothing  the  cell  wall 
(Fig.  53).  Sometimes,  even  in  extremely  fine  threads  of  protoplasm, 
two  cuiTents  may  be  seen  to  pass  each  other  (e.g.  in  the  stamens  of 
Tmdescantia,  the  stinging  hairs  of  Urtka,  and  the  bristles  of  Cucurbiia). 

In  the  ROTATORY  MOVEMKNT  the  protoplasm  moves  along  the 
cell  wall  in  one  direction  only,  dragging  with  it  the  nucleus  and  often 
also  the  chlorophyll  grains.  In  an  elongated  cell,  in  which  the  rotation 
usually  takes  place  in  the  direction  of  the  longitudinal  axis,  as  the 
protoplasm  forms  one  united  body,  there  must  be  a  strip  of  immovable 
protoplasm  which  separates  the  rotating  masses.  This  stationar}' 
part  is  termed  the  NKUTRAL  or  interferekce  ZONE.  The  rapidity 
of  the  movement  diminishes  towards  the  cell  wall,  and  the  layer  of 
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protoplasm  dii'ectly  contiguous  to  the  cell  wall  is  not  In  motion.  The 
rotatory  movements  are  easily  seen  in  Chara  and  Xitella,  where  they 
take  a  spiral  course,  and  they  are  also  very  energetic  in  the  cells  of  the 
leaves  of  Ehdea  canadensis  and  of  Vallisneria  spiralis,  and  also  in  the 
root-hairs  of  Hydrocha^'is  morsus  ruiuie  and  Trtanea  bogolensis. 

The  caiiae  of  these  movemenls,  wbicb  may  take  different  dimctiuns  iu  adjoining 
cells,  aud  may  also  continue  after  tlie  protopla^ini  has  been  drawn  anny  from  the 
cell  walk  by  plasniotysis  (p.  1661,  is  not  yet  imderatood.  It  is,  liowever,  known 
that  tlie  continuance  and  activity  of  such  protoplasmio  movements,  tho  exiiiteDuo  of 
which  was  first  observed  by  CoRTi  in  1772,  and  later  rediscovered  by  Trevirasch 
iu  1807,  are  dependent  on  factors  which,  in  general,  sup|iort  and  promote  the  vital 
activity  ;  while  the  jireaence  of  free  oxygen  and  proper  conditions  of  temperature 
seem  to  be  particularly  favoiimble  to  them.  Through  the  study  of  nections  in  the 
Fells  of  which  currents  had  been  induced  in  tlie  protoplasm,  by  the  i^jnries  sustained 
in  their  preparation  and  by  otiier  abnonnal  conditions,  grave  errors  have  arisen 
eoneeming  the  existence  of  such  protoplasmic  movements  in  cells,  in  which  under 
normal  conditions  they  cannot  be  observed.  The  presence  of  protoplasmic  currents 
in  a  cell  may,  in  fact,  indicate  either  an  energetic  vital  activity,  or,  on  tlie  other 
hand,  be  merely  a  symptom  of  a  pathological  or,  at  least,  of  an  excited  condition  of 
the  protoplasm. 

The  moveraeiitB  of  orientation  of  the  protoplasmic  body  do  not 
proceed  in  the  same  uninterrupted  manner  as  the  circulatory  and 
rotatory  movements.  They  are  also  usually  so  gradual  as  to  he  only 
recognisable  through  their  operations.  They  are  induced  by  changes 
in  the  external  influences,  especially  as  regards  the  intensity  of  the 
light,  and  result  in  producing  a  definite  position  of  the  protoplasmic 
bodies,  as,  for  example,  the  orientation  of  the  chlorophyll  grains  with 
regard  to  the  light. 

Movements  of  thiii  kind  have  been  most  frequently  observed  in  Algae,  in  auh- 
merged  Duckweed  {Lemiia  liiiuka),  in  the  prothallia  of  Fems  and  Mosses  ;  but 
similar  movements  can  also  he  observed  in  the  higher  plants. 

Tn  the  cells  of  the  filamentous  Alga  Menocarpus,  the  chloroplasts,  in 
the  form  of  a  single  plate  suspended  length-wise  in  each  cell,  turn 
upon  their  longitudinal  axes  according  to  the  direction  and  intensity 
of  the  light.  In  light  of  moderate  intensity,  according  to  Stahl'.s 
ohservationa,  they  place  themselves  transversely  to  the  source  of  light, 
so  that  they  are  fully  illuminated  (transverse  position) ;  when,  on  the 
other  band,  they  are  exposed  to  direct  sunlight,  the  chlorophyll  plates 
are  so  turned  that  their  edges  are  directed  towards  the  source  of  light 
(profile  position).  '  A  similar  protection  of  the  chloroplasts  against  too 
intense  light,  and  their  direct  exposure,  on  the  other  hand,  to  more 
moderate  illumination,  is  accomplished,  where  they  are  of  a  different 
form  and  more  numerous,  by  their  different  disposition  relative  to  the 
cell  walls.  In  moderate  light  the  chlorophyll  bodies  are  crowded 
along  the  walls,  which  are  transverse  to  the  direction  of  the  rays  of 


>.jC>OgIc 


light  (Fig.  199,  T). 

t        f 


They  quickly  pass  over  to  the  wails  parallel  to 
the  rays  of  light,  however,  as  soon 
as  the  light  becomes  too  Jntenee, 
and  BO  retreat  as  far  as  possible  from 
its  action  (Fig.  199,  S).  In  darkness 
or  in  weak  light  the  chloroplasts  group 
themselves  in  still  a  third  way  (Fig. 
199,  N),  the  advantage  of  which  is  not. 
altogether  clear. 

The  form  of  the  chlorophyll  bodies 
themselves  unde^oes  modification  dur- 
ing changes  in  their  illumination ;  ia 
moderate  light  they  become  flattened, 
while  in  light  of  greater  intensity  they 
are  rounded  and  thicker. 

As  a  special  mode  of  protection  agunsl 
tcM>  interwe  light,  the  chloroplssts  of  tht  ■ 
Siphoneae  (and  tlie  sarae  thing  is  observed 
iu  many  plants)  become  balled  togetlKr  in 
eeparate  clumps.  In  correspondence  vitli 
the  changea  in  the  position  of  the  chlaro- 
plasts,  the  colouring  of  green  organn  niCur- 
ally  beconies  modified.  In  direct  aunsliiiii' 
they  appear  lighter,  in  diffused  li){lit  > 
darker  green.  The  attention  of  Sachs  w»> 
lirst  called  tu  the  phenomena  of  the  mon- 
meats  of  the  chloroplasts,  by  the  accidenttl 
□baervation  that  the  shadow  of  a  thenno- 
meter  was  represented  in  dark  greeD  od  i 
leaf   otherKiee  directly   illnminated  hj  tbr 

Wounds  and  one-sided  cell-nail  tliickfii- 
ngs  likewise  give  rise  to  orteutatioD  mon- 
iients,  as  they  occasion  a  crowding  togellm 
m  one  side  of  the  nucleus  and  protoptaam. 


Movements  producing  Curvature 

The  movements  of  the  organs  of  stationary  plants,  unicellular  as 
well  as  multicellular,  are  accomplished  by  means  of  curvatures.  In  an 
organ  that  has  grown  in  a  straight  line  the  longitudinal  sides  are  all  oi 
equal  length ;  in  an  organ  that  is  curved,  however,  the  concave  side  is 
necessarily  short«r  than  the  convex  side.  When,  accordingly,  the 
opposite  sides  of  a  pliable  organ  become  of  unequal  length,  the  organ 
must  curve  toward  the  shorter  side  (Fig.  168).  Inequality  in  the 
length  of  the  opposite  sides  may  result  from  various  causes.  A 
curvature  occurs  if  the  length  of  one  side  remains  constant,  while  the 
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opposite  side  becomcB  ahorter  or  longer,  and  also  from  the  unequal 
elongation  or  contraction  of  both  sides,  and  similarly  from  the  elonga- 
tion of  one  side  and  the  contraction  of  the  other. 

Such  curvatures  most  frequently  occur  in  plants  as  a  consequence 
of  UNKQUAL  GEOWTH.  More  rarely  they  are  due  to  the  different  length 
of  the  opposite  sides,  resulting  from  unequal  TUrgok  tension.  This  is 
principally  the  case  in  fully-grown  organs,  as  in  leaf-cushions  (p.  268) 
.  and  stamens.  A  third  source  of  curvature  is  found  in  the  unequal 
amount  of  watfer  taken  up  by  IMBIBITION,  and  the  consequent  unequal 
distension  of  the  cell  walla  on  the  opposite  sides  of  an  organ. 


1.  Hygroscopic  Curvatures  (Imbibition  Movements) 
As   the  cell  walla  of  actively  living  cells  are  always  completely 

saturated  with  imbibitioD  wat«r,  hygroscopic  curvatures  are  exhibited 

only  by  dry  and,  for  the  most  part, 

dead  tissues ;  although  occasionally 

they  also  take  place  in  living  tissuea 

which  can  endure  desiccation  without 

injury,   as    in    the  cases  of  Mosses, 

Lichens,  and  Sdaginella  kindophytla 

{p.    179).       The   hygroscopic  move- 

mente  in  any  case,  however,  are  due 

to  the  physical  properties  of  the  cell 

walls,  and  have  no  direct  connection 

with  the  vital  processes,   except  in 

BO  far  as  the  capacity  of  coll  walls 

to  swell  and  take  up  large  quanti- 
ties of  imbibition  water  is  due  to 

the  protoplasm  by  which  they  were 

fonned.     The  activity  of  the  proto- 
plasm in  the  formation  of  the  cell 

walls  is  likewise  manifested  in  their 

anatomical  structure,  in  their  strati- 
fication  and   striation,  and   in   the 

position  of   the  pits,  as  well  as  in 

the  arrangement  and  disposition  of 

the  cells  themselves. 

The    absorption    of    imbibition 

water  by  cell  walla  is  accompanied 

by  an  increase  in  their  volume,  and   ■ 

conversely  the  volume  of  the  cell      ei'™Mted """"""'  "'"" '  "'   '""" """ 

walls  ia  diminished  by  the  evaporation 

of  the  imbibition  water.     Accordingly,  whenever  unequal  amounts  of 

water  are  held  by  the  cell  walls  on  the  diflferent  sides  of  an  organ,  either 

through  unequal   absorption  or  evaporation,   hygroscopic  movements 
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are  produced,  which  result  in  the  curvature  of  the  organs.  In  maof 
caaeB  the  orgaua  of  plants  are  especially  adapted  to  Buch  moTemeDtE, 
hy  means  of  which,  in  fact,  important  operations  are  often  accom- 
plished, as,  for  example,  the  dehiscence  of  seed-vessels  and  the  iia- 
semination  and  burial  of  seeds. 

The  rupture  or  ripe  sued-veasels,  aa  well  as  their  dehiscence  b;  the  opening  of 
special  apertures  (Papaver,  Lych«i$,  Antirrkinum,  etc.],  ia  a  consequence  of  Ihf 
uQ«lual  contraction  of  the  cell  walls  due  to  desiccation.  At  the  same  time, 
through  the  sudden  relaxation  of  the  tension,  the  seeda  are  often  shot  out  to 
a  great  djatance  {Trieoeau,  etc.).  In  certain  fruits  not  only  curvatures  hat  torsion! 
are  produced  as  the  result  of  changes  in  the  amount  of  water  they  contain,  e.j. 
Srodium  gruinum  (Fig.  200),  Slipa  peiaiala,  Aveiui  sferilis,  by  means  of  whieh,  in 
conjunction  with  their  stiff  barb'Uke  haira,  the  seeda  bury  tliemselves  iu  the  earth. 

The  opening  and  closing  of  the  involucre  of  many  Compo$itae  {Erigerm,  Carlita, 
etc.]  at  the  time  of  the  ripening  of  the  seeds,  and  the  changes  in  the  position  of  the 
pappus- hairs  {TaTaxacuya,  Tragopogon,  etc.),  are  also  due  to  hygroscopic  movemenU 
resulting  from  variationa  in  the  amount  of  moisture  in  the  atmosphere.  In  dry 
weather  the  pappus  is  spread  out  in  the  forjii  of  an  umbrella,  but  in  wet  weather  it 
cloaes  up.  The  o|)ening  of  anthers  and  sporangia,  the  rupture  of  moss^Mpsnies, 
and  the  diasemination  of  the  spores  of  the  EquUetacectt,  Htpaticae,  and  MyromyeSa 
are  also  effected  by  similar  movements.  Anthers  and  sporangia  possess  peculiirlj 
thickened  cells  (fibrous  cells,  annuliis),  by  the  contraction  of  which  their  dehiacence 
is  produced.  The  opening  of  the  moss-sporangium  is,  in  like  manner,  due  to  the 
hygroscopic  movements  of  the  teeth  of  the  peristome,  wliilo  the  aporangia  of  the 
Liverworts  are  provided  with  specially  thickened  spiral  bands  (elaters),  which,  like 
the  capillitia  of  the  Myxoniycele),  eBect  the  discharge  of  the  sporea.  In  the  cue 
of  the  EqaiiiiaceiK  the  out«r  walls  of  the  spores  themselves  (the  perinium)  take 
the  form  of  four  arms,  which,  like  elat«rs,  are  capable  of  active  movementf,  b5 
means  of  which  numbers  of  spores  become  massed  together  before  germinating,  and 
the  isolation  of  the  dioecious  prothallia  prevented. 

In  order  to  call  forth  imbibition  movements  tlie  actual  presence  of  liquid  water 
ia  not  neceaaarj  ;  for,  through  their  hygroscopieity,  cell  walla  have  the  power  of 
absorbing  moisture  from  the  air.  Tliey  are  hygroscopic,  and  for  this  reaaon  the 
ensuing  movements  are  also  often  termed  hygroscopic  movcmenta. 


2.  Growth  Curvatures 
Movements  from  which  curvatures  result  are,  for  tlio  most  part, 
produced  by  the  unequal  growth  of  living  organs.  The  unequid 
growth  is  due,  partly  to  internal  causes  wliich  are  still  undetermined, 
and  partly  to  the  operation  of  external  influences  which  can  he  posi- 
tively demonstrated  and  defined,  llie  movements  resulting  in  the 
first  case  are  spontaneous,  and  are  called  autonomic  movements  or 
NUTATIONS;  in  the  second  case  the  movements  are  the  result  of 
external   stimuli,  and   are  distinguished    as    irritable    or    faratonic 

MO\'EMENTS. 

Autonomic    Movements    are    most   plainly   apparent   in   young 
actively-growing  organs,  although  nutations  have  been  shown  to  be 
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exhibited  by  all  growing  plants,  ns  their  tips  do  not  grow  forward  in 
a  straight  line,  but,  instead,  describe  irregular  elliptical  curves.  '  These 
movements,  which  Darwin  termed  CIBCUMNUTATIONs,  while  often  not 
perceptible  to  the  eye,  are  very  noticeable  in  some  special  organs. 
The  unfolding  of  most  leaf  and  flower  buds,  for  example,  is  a,  nutation 
movement  which,  in  this  instance,  is  induced  by  the  more  vigorous 
growth  of  the  inner  side  of  the  young  leaves.  The  same  unequal 
growth  ihanilests  itself  most  noticeably  in  the  leaves  of  Fems  and 
many  Cycadeae.  In  the  same  manner,  movements  of  nutation  are 
caused  in  other  lateral  organs  when  growth  is  more  energetic  on  either 
the  upper  aide  (f.finahty)  or  on  the  lower  side  (ftyponasty).  From 
the  nutation  of  the  shoots  of  Ampdopsis  qvinquefolia  a  curvature  is 
produced  which  continuously  advances  with  the  increased  growth  ;  so 
that,  by  means  of  its  hooked  extremity,  a  shoot  is  better  enabled  to  seek 
out  and  cling  to  a  support.  When  the  unequal  growth  is  not  confined 
to  one  side,  but  occurs  alternately  on  different  sides  of  an  organ,  the 
nutations  which  result  seem  even  more  remarkable.  Such  movements 
are  particularly  apparent  in  the  flower-stalk  of  an  Onion  or  of  Yucca 
JUamentosa,  which,  although  finally  erect,  in  a  half-grown  state  often 
curves  over  so  that  its  tip  touches  the  ground.  This  extreme  curvature 
is  not,  however,  of  long  duration,  and  the  flower-atalk  soon  becomes 
erect  again  and  bends  in  another  direction.  Thin  and  greatly  elon- 
gated organs  must,  from  purely  physical  reasons,  quickly  respond  to  the 
effects  of  unequal  growth.  The  thread-like  tendrils  of  many  climbing 
plants,  BO  long  as  they  are  in  a  state  of  active  growth,  alTord  excellent 
objects  for  the  observation  of  nutation  movements.  If  the  line  of 
greatest  growth  advances  in  a  definite  direction  around  the  stem,  its 
apex  will  exhibit  similar  rotatory  movements  (revolving  notation). 
This  form  of  nutation  is  characteristic  of  the  tendrils  and  shoots  of 
climbing  plants,  and  renders  possible  their  peculiar  mode  of  growth. 

The   SO-CALLED   REVOLVING    NUTATION    OF  TWINING   PLANTS  is  not  an 

AUTONOMIC  MOVEMENT,  and  will  be  considered  later  with  the 
paratonic  movements. 

Paratonic  Movements. — The  phenomena  of  paratonic  movements 
are  of  the  very  greatest  importance  to  plant  life,  for  through  their 
operations  the  organs  of  plants  first  assume  such  positions  in  the  air,  or 
water,  or  in  the  earth  as  are  necessary  for  the  performance  of  their  vital 
functions.  A  green  plant  which  spread  its  roots  over  the  surface  and 
unfolded  it«  leaves  below  ground  coukl  not  exist,  even  though  all 
ita  members  possessed  the  best  anatomical  structure.  The  strongest 
roots  would  become  dried  up  without  the  necessary  absorption  of 
water,  and  the  leaves  could  not  assimilate  in  the  dark.  The  organisa- 
tion and  specific  functions  can  have  effect  only  when  the  root 
penetrates  the  soil.  Similarly,  the  leaves  are  efficient  only  when 
exposed  to  air  and  light  Seeds  are  not  always  so  deposited  in  the 
soil,  with  the  embryonal  stem  directed  upwards  and  the  radicle  down- 
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wards,  that  their  different  organs  can,  merely  by  direct  growth,  attain 
at  once  their  proper  position.  A  gardener  does  not  take  the  trouble 
to  ascertain,  in  sowing  seed,  if  the  end  which  produces  the  root  is 
directed  downwards  or  the  stem  end  upwards,  he  knows  that  in  any 
position  the  roots  grow  into  the  ground  and  the  steins  push  themselves 
above  the  surface.  Plants  must  accordingly  have  in  themselves  the 
power  of  placing  their  oi^ns  in  positions  best  adapted  to  the  condi- 
tions of  their  environment.  That  is  only  possible,  however,  when  the 
externally  operative  forces  and  substances  can  so  influence  the  growth 
of  a  plant  that  it  is  constrained  to  take  certain  definite  directions. 

The  same  external  influences  excite  different  oi^ans  to  assume 
quite  different  positions.  Through  the  influence  of  gravity,  the  tap- 
root grows  directly  downwards  in  the  soil,  while  the  latetul  roots  take 
a  more  or  less  diagonal  direction.  The  main  stem  grows  perpendi- 
cularly upwards ;  it,  like  the  primary  root,  is  okthotbopic.  The  lateral 
branches,  on  the  other  hand,  just  as  the  secondary  roots,  assume  an 
inclined  position  and  are  plagiotrofic.  The  apical  extremities  of 
shoots  are  constrained  to  seek  the  source  of  light;  the  leaves,  on  the 
contrary,  under  the  same  influence  place  their  surfaces  transversely  to 
the  direction  of  the  rays  of  light. 

The  different  positions  assumed  by  an  oigan  when  acted  upon 
by  external  influences  has  been  termed  by  Sachs  ANISOTROPY.  In 
addition  to  the  purely  morphological  structure  of  the  plant  body, 
anisotropy  also  determines  essentially  its  external  form  and  appearance. 

That  all  these  paratonic  movements  cannot  result  merely  from  the 
action  of  external  forces  alone  will  be  at  once  recognised  if  it  be  taken 
into  consideration  that  anisotropic  but  in  other  respects  similar 
organs  are  affected  differently  by  the  same  influences,  and  that  even 
the  same  organs  react  differently  at  different  ages ;  and  that,  moreover, 
the  external  forces  produce  effects  which  bear  no  relation  to  their 
usual  physical  and  chemical  operations.  It  will,  on  the  contrary,  be 
at  once  apparent  that  they  are  rather  the  result  of  deflnite  processes 
of  growth,  arising  from  an  irritability  to  stimuli  induced  by  external 
influences  {cf.  p.  161), 

In  order  that  external  influences  may  produce  such  stimuli, 
plants  must  be  sensitive  to  stimuli,  that  is,  the  stimuli  must  produce 
in  them  certain  modifications  with  which,  in  turn,  certain  definite  vital 
actions  are  connected.  The  precise  manner  in  which  an  external  influ- 
ence produces  an  internal  stimulation  within  an  oi^anism  is  not  at 
present  kifown.  In  order  that  an  external  physical  force  can  operate  as 
a  stimulus,  there  must  exist  within  the  living  substance  definite  struc- 
tures or  organs  which  are  influenced  by  it  When  the  position  of  an 
oi^an  is  dependent  upon  the  direction  of  an  external  influence,  its 
sensitive  structure  must  possess  polarity.  But  for  such  a  polar  struc- 
ture to  be  of  any  effect,  it  must  have  a  deflnite  orientation ;  so  it  is 
necessary  to  assume  that  the  directive  stihuu  are. received  by 
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THE  RESTING  PORTIONS  OF  THE  PROTOPLASM,  THAT  IS,  BY  THE  SURFACE 

LAYER.  The  movements  of  growth  occasioned  by  external  stimuli  are, 
for  t)ie  most  part,  movements  in  response  to  directive  stimuli  which 
lead  to  a  definite  position  of  the  oi^an,  relatively  to  the  direction  of 
the  operative  influence.  The  principal  external  stimuli  that  come  into 
consideration  are  light  {and  electricity),  heat,  gravity,  chemical  influ- 
ences (oxygen,  nutritive  substances,  water,  etc.),  imjiact  and  friction. 

As  the  points  of  greatest  irritability  in  plants  or  their  organs  are  oClsa  more  or 
leBa  removed  from  the  points  where  the  effect  of  the  stimulation  ia  monifoated,  a 
propagation  of  the  stimulation  must  take  place.  Thus,  a,  stimulus  received  by  » 
non-motOe  organ  may  be  conveyed  to  an  organ  capable  of  motion,  and  there  produce 
movement.  In  tbe  caao  of  roots,  for  example,  the  geotropic  stimuloa  ia  received 
by  the  non-mDtile  root-tip,  while  the  movement  is  induced  in  the  part  of  the  root 
in  process  of  elongation. 

The  capacity  of  organs  to  assume  a  definite  direction  by  means  of 
curvatures  of  growth  is  distinguished,  according  to  the  nature  of  the 
particular  inciting  stimulus,  as  heliotropism,  geotroplsm,  hydrotropism, 
etc. ;  and  these  again  are  either  POSITIVE  or  negative,  according  as  tbe 
direction  taken  by  the  curvature  is  towards  or  away  from  the  irritating 
stimulus  ;  while  plant  organs  which  place  themselves  more  or  less 
transversely  to  the  line  of  action  of  the  operative  forces  are  termed 
DIATROPIC.  As  a  special  result  of  diatropism,  a  transverse  position  is 
assumed  which  is  exactly  at  right  angles  to  the  direction  in  which 
the  influence  which  acts  as  the  stimulus  is  exerted.  Doraiventral 
organs,  in  particular,  exhibit  a  tendency  to  assume  diatropic  and  even 
trans veree  positions. 

A,  llelhtropism 

The  importance  of  light  to  plant  life  is  almost  incalculable.  It  is 
not  only  absolutely  essential  for  the  nutrition  of  green  plants,  but  tt 
has  also  a  powerful  effect  upon  the  growth  and  general  health  of  the 
plant  organs.  Deprived  of  light  for  any  length  of  time,  leaves  and 
flowers  usually  fall  off;  fully  developed,  vigorous  organs  of  green 
plants  soon  become  yellow  in  the  dark,  and  droop  and  die.  Prolonged 
darkness  acts  like  a  poison  upon  those  portions  of  plants  accustomed 
to  the  light.  On  the  other  hand,  exactly  the  reverse  is  true  of  plants 
or  organs  whose  normal  development  is  accomplished  in  darkness. 
Upon  them  the  light  has  a  most  injurious,  even  fatal,  effect,  as  may  be 
easily  obeeired  iu  the  case  of  Fungi  and  Bacteria.  The  hygienic 
importance  of  daylight  in  dwelling-places  is  due  to  the  destructive 
action  of  light  upon  such  forms  of  plant  life.  That  some  plants  seek 
.  the  light,  while  others  avoid  it,  is  not  surprising  iu  view  of  the 
adaptability  which  organisms  usually  exhibit  in  respect  to  the  in- 
fluences with  which  they  come  in  contact  in  the  natural  course  of  their 
development 

A  good  opportunity  for  the  observation  of  heliotropic  phenomena 
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is  afforded  by  ordinary  window-plants.  The  stems  of  sucii  plants  do 
not  grow  erect  as  in  the  oi«n  air,  but  are  inclined  towards  the  window, 
and  the  leaves  are  all  turned  towards  the  light  as  if  seeking  help,  He 
leaf-stalks  and  stems  are  accordingly  posittveLY  HELIOT((ppIC.  In 
contrast  with  these  organs  the  leaf-blades  take  up  a  positioi^  at  right 
angles  to  the  rays  of  light  in  order  to  receive  as  much  light  as  poseible. 
They  are  diaheliotropic,  or  transversbly  heliotropic,  in  the  strictest 
sense  (Fig.  201).  If  among  the  plants  there  should  be  one  with  aerial 
roots,  Chlmophytam.  for  instance,  an  example  of  negative  helioTROPIS¥ 
will  be  afforded,  as  the  aerial  roots  will  be  found  to  grow  away  from 
the  window  and  turn  towards  the  room. 

For   more   exact   investigation   of   heliotropic   movements  it  is 
necessary  to  be  able  to  control  more  accurately  the  source  and  direetion 


of  the  light  This  can  be  best  accomplished  by  placing  the  plants  in 
a  room  or  box,  lighted  from  only  one  side  by  means  of  a  narrow 
opening  or  by  an  artificial  light.  It  then  becomes  apparent  that  the 
direction  of  the  incident  rays  of  light  determines  the  heliotropic 
position ;  every  alteration  in  the  direction  of  the  rays  produces  a 
change  in  the  position  of  the  heliotropic  organs. 

The  apical  ends  of  positively  heliotropic  oi^ans  will  be  found  W 
take  up  the  same  direction  as  that  of  the  rays  of  light. 

Tlie  exactDeas  with  which  this  is  done  is  illustrated  by  an  experiment  nisde 
witli  Pllobohit  eryslaliinus.  TIib  H]vorangio[ihore8  of  this  Fnngils  are  qnicklv 
produced  on  moist  horse  or  cow  dung.  They  are  positively  heliotropic,  and  turn 
their  dark  ajioraiigia  towards  the  source  of  light.  When  ripe  these  sporangia  are 
shot  Hway  from  tlio  jilant,  and  will  bo  found  tbickly  clustered  about  the  centre  o( 
the  glass  covering  a  small  ajiertiire  through  which  the  light  has  been  admitted  ;  * 
proof  that  the  sporaiigiophores  were  all  previously  pointed  exactly  in  that  direction. 

Upon  closer  investigation  of  the  manner  in  which  the  POSITIVB 
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HELiOTROPic  CURVATURK  of  an  Organ  is  accompli slied,  it  is  found  that 

THE  SIDE  TURNED  TOWARDS  TUB  LIGHT  GROWS  MORE  SLOWLY,  THE  SIDE 
AWAY    FROM    THE    LIGHT    MORE    RAPIDLY    THAN    WHEN    ILLUMINATED 

FROM  ALL  SIDES.  This  may  be  readily  shown  by  previously  marking 
with  Indian  ink  regular  intervals  from  one  to  two  millimetres  apart 
on  the  opposite  sides  of  the  organ.  After  the  curvature  has  taken 
place  the  intervals  between  the  marks  will  be  found  to  be  much 
farther  apart  on  the  shaded  side  than  on  the  side  turned  to  the 
light.  As  compared  with  the  elongation  under  normal  conditions 
of  growth,  the  marks  on  the  illiuniuat«d  side  have  remained  nearer 
together,  while  those  on  the  shaded  side  have  drawn  farther  apart ; 
that  is,  the  growth  in  the  case  of  a  positive  heliotropic  curvature  has 
been  retarded  on  the  illuminated  side  and  promoted  on  the  shaded 
aide.      It  also  becomes  evident,  from  observation  of  the  ink-marks, 

THAT  CURVATURE  TAKES  PLACE  ONLY  IN  THE  PORTIONS  OF  STEMS 
STILL  IN  l-ROCESS  OF  GROWTH,  AND  TIJAT  THE  CirRVATURE  IS  GREATEST 

WHERE  THE  GROWTH  IS  MOST  viooROUS  (Fig.  201),  The  curvature  is 
then  only  a  result  of  unequal  growth  induced  by  one-sided  illumination. 

It  vias  formerly  believed  tliat  the  increased  groutlt  of  tlie  sliadcd  Hide  was  [iro- 
duced  by  the  beginDiDgof  etioUtioD,  and  that  tlie  diioiniabed  growth  on  the  illumin- 
ated aide  waa  due  to  the  retarding  ctTect  ivhicli  light  exerU  ujion  growth  in  len^^h 
(p.  234).  Other  heliotropic  phenomena  were  found  lo  be  at  variance  with  this 
explanation  of  heliatropism.  Unicellular  )>erfectly  transparent  Fucigiia  liyphic  are 
also  subject  to  positive  heliotroi'ic  curvature,  although  in  this  instauce  there  can 
be  no  shaded  side  ;  on  the  contrary,  the  side  of  a  hypha  turned  away  from  the 
light  is  especially  illuminated  on  account  of  the  refraction  of  the  light  rays.  Tlie 
fact,  too,  that  negatJTe  heliotropic  curvatures  also  take  |ilsce  renders  it  evidcut  that 
heliotropism  cannot  be  due  to  one-sided  etiolation  ;  for  in  negative  hcliotropisin 
the  side  most  directly  illuminated  is  the  one  that  grows  more  rapidly,  although 
ihe  retarding  effect  of  light  on  the  normal  growth  in  length  of  negatively  heliotropic 
organs  ia  equally  ojierative  (root.-i,  rhizomorpha]. 

It  is  evident  from  these  considerations  that  it  is  not  the  difference 
in  the  intensity  of  the  light  which  causes  the  heliotropic  curvatures, 
hut  the  direction  in  which  the  most  intense  light  rays  enter  the  organs. 
Light  acts  as  a  motory  stimulus  when  it  penetrates  an  OR(iAN 

IN  ANY  OTHER  DIRECTION  THAN  THAT  WHICH  CORRESPONDS  WITH  THE* 
POSITION  OF  HEUOTROPIC  EQUILIBRIUM. 

The  heliotropic  curvatures  are  most  strongly  produced,  just,  as" 
in  the  case  of  the  heliotactic  movements  of  freely  moving  swarm- 
spores,  by  the  blue  and  violet  rays,  while  red  and  yellow  light  exerts 
only  an  extremely  slight  influence,  or  none  at  all.  It  is  due  to 
the  fact  that  the  red-yellow  and  blue-violet  rays  are  always  present 
together  in  daylight,  that  the  heliotropism  of  the  leaves  is  of  advantage 
to  their  assimilatory  activity. 

Sensibility  to  heliotropic  influences  is  prevalent  throughout  the 
vegetable  kingdom.     Even  organs  like  the  roots  of  trees,  which  are 
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never  under  ordinary  circumstances  exposed  to  the  light,  often  exhibit 
beliotropic  irritability.  Positive  heliotroptsm  is  the  rule  with  aerial 
vegetative  axes.  Negative  heliotropism  is  much  lees  frequent ;  it  is 
observed  in  aerial  roots,  and  sometimee  also  in  climbing  roots  (Ivy, 
FioiS  ilipahta,  Begonia  scandens),  in  the  hypocotyl  o£  germinating 
Mistletoe,  in  many,  but  not  all,  earth  roots  {Sinapis,  HdtarUhwi),  in 
tendrils  (chiefly  in  those  with  haptera  or  holdfasts),  and  in  the  stems 
of  some  tendril- climbers.  By  means  of  their  negative  heliotropic 
character,  the  organs  for  climbing  and  attachment  turn  from  the  ligbt 
towards  their  support,  and  are  pressed  firmly  against  it. 

Negative  heliutroplc  curvittures  are  occasionally  produced,  Dot  in  the  region  of 
most  rapid  growth,  but  in  the  older  and  more  slowly  growing  portions  of  the  stem. 
The  stems  of  Tropaeolum  majva,  for  example,  exhibit  positive  heliotropic  curTatnrft 
in  the  region  of  their  greatest  elougatiOD  ;  but  lower  down  the  stems,  with  the 
retardation  of  their  growth,  they  become  negatively  heliotropic. 

Transvkrke  heliotropism  is  confined  almost  solely  to  leaves  and 
leaf-like  assimilatory  organs,  such  as  Fern  prothallia  and  the  thalli  of 
Liverworts  and  Algae.  In  these  organs  transverse  heliotropism,  id 
conformity  with  its  great  utility  for  assimilating,  predominates  over  all 
other  mutory  stimuli.  Thus  it  is  possible  to  cause  the  leaf-blades  of  a 
Miilmi  or  a  I'ropaeoUm  to  turn  completely  over  by  illuminating  their 
under  surfaces  by  means  of  a  mirror.  The  leaf-blades  themselves, 
and  also  the  thalli  of  the  Cryptogams,  are  capable  of  carrying  on 
transversely  heliotropic  movements,  while  the  movements  of  the 
growing  portions  of  leaf-stalks  seem  to  be  influenced  by  their  leaf- 
blades. 

In  Um  bright  light  the  transverse  imsitiou  of  the  leaves  becomes  changed  to  a 
position  more  or  less  in  a  line  with  the  direction  of  the  more  intense  tight  rajs. 
In  assuming  a  more  perjiendicular  position  to  avoid  the  direct  rays  of  the  mid-da; 
sun,  the  leaf- blades  qI  Lacliua  Scariola  and  the  North  American  Silpliiurti  ladmia- 
turn  necessarily  take  the  direction  of  north  and  south,  and  so  arc  oCten  referred  to 
as  COMPASS  PLANTS.  (As  regards  the  vortical  position  of  phyllodes,  in  connection 
with  which  may  be  inentioaed  the  vertically-placed  leaves  of  many  Myrtaceat  and 
Prolcaecar,  sec  p.  19.S.) 

The  heliotropic  character  of  organs  may  change  through  the  activity 
of  external  influences,  and  also  at  difierent  stages  of  their  development 
and  growth  ;  just  as  in  the  case  of  the  heliotactic  swarm-spores,  the 
higher  plants  in  ordinary  light  may  be  positively,  and  in  very  intense 
illumination  negatively  heliotropic.  The  youngest  portion  of  the  shoots 
of  Ivy  and  Tropacolutn  are  positively  heliotropic  while  the  lower  and 
older  portions  turn  away  from  the  light  The  flower-stalks  of  iinarw 
eyinbalnria  are  at  first  positively  heliotropic.  After  pollination,  how- 
ever, tliey  become  negatively  heliotropic,  and  as  they  elongate  they 
push  their  fruits  into  the  crevices  of  the  walls  and  rocks  on  which 
the  plant  grows,  and  thus  assure  the  lodgment  of  the  seeds  and  the 
possibility  of  their  future  germination. 
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B.  GeotTopism 

That  the  atetus  of  trees  and  other  plants  should  grow  upw&rds  and 
their  roots  downwards,  is  such  a  familiar  occurrence  and  so  necessarj' 
for  the  performance  of  their  respective  functions  as  to  seem  almost  a 
matter  of  course.  Just  as  in  the  discovery  of  gravitation,  it  required 
an  especially  keen  spirit  of  inquiry  to  lead  to  the  investigation  of 
this  everyday  phenomenon.  The  fact  that  everywhere  on  the 
earth,  even  on  the  sides  of  the  steepest  mountains,  stems  take  a 
perpendicular  direction ;  and  that,  while  buried  in  the  earth,  this  same 
direction  is  assumed  witli  certainty  by  germinating  seeds  and  growing 
.  shoots ;  and  chiefly  the  fact  also  that  a  shoot,  when  forced  out  of  its 
upright  position,  curves  energetically  until  it  is  again  perpendicular, 
led  to  the  supposition  that  the  cause  of  these  phenomena  must  be  in  a 
directive  force  proceeding  from  tlie  earth  itself.  The  correspondence 
ID  the  behaviour  of  a  stem  in  always  assuming  a  perpendicular  position, 
mth  the  continued  maintenance  of  the  same  direction  by  a  plumb-line, 
suggest«d  at  once  the  force  of  gravitation,  and  the  English  investigator 
KffiGHT,  in  1B09,  demonstrated  that  the  attraction  of  gravitation,  in 
fact,  exerted  an  influence  upon  the  direction  of  growth.  As  Knight 
was  not  able  to  nullify  the  constantly  oi^erative  influence  of  gravity 
upon  plants  and  so  directly  prove  its  influence,  he  submitted  them  to 
the  action  of  centrifugal  force — an  accelerative  force  operating  like 
gravity  u[K)n  the  masses  of  bodies,  and  which  had,  in  addition,  the 
advantage  that  it  could  be  increased  or  diminished  at  will.  Knight 
made  use  of  rapidly  rotating,  vertical  wheels,  upon  which  he  fastened 
plants  and  germinating  seeds  in  various  positions.  The  result  of  his 
experiments  was  that  tiie  stems  all  turned  towards  the  centre  of  the 
wheel  and  the  roots  directly  away  from  it.  On  wheels  rotating  in  a 
horizontal  plane,  where,  in  addition  to  the  centrifugal  force,  the  one- 
aided  action  of  gravitation  was  also  still  operative,  the  shoots  and 
roots  took  a  definite  middle  position  ;  the  shoots  and  roots  still  grew 
in  opposite  directions,  but  their  line  of  growth  was  inclined  to  the 
plane  of  rotation,  at  an  angle  dependent  upon  the  rotating  velocity. 
The  position  thus  assumed  was  evidently  the  result  of  the  combined 
action  of  the  centrifugal  force  and  gravity,  which  was  manifested  in 
the  directions  taken  by  the  plants  according  to  their  comparative 
strength  and  respective  influence  on  growth.  In  this  way  it  was  posi- 
tively ascertained  that  terrestrial  gravitation  determines  the  positions 
of  plant  organs  in  respect  to  the  earth. 

I^ter,  it  was  also  shown  that  not  only  the  perpendicular  direction 
of  stems  and  primary  roots,  but  also  the  oblique  or  horizontal  direction 
taken  by  lateral  branches,  roots,  and  rhizomes,  is  due  to  a  peculiai- 
reaction  towards  the  force  of  gravitation. 

The  property  of  plants  to  assume  a  definite  position  with  respect 
to  the  direction  of  gravitation  is  termed  GEOTROPISM.     It  is  customary 
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also,  as  in  the  case  of  heliotropism,  to  speak  of  positive  and  negative 
geotropism,  diageotropism,  and  transverse  geotropism,  according  to 
the  position  assumed  by  the  plant  or  organ  with  respect  to  the  centre 
of  the  earth.  Still  another  form  of  geotropic  irritability,  lateral  geotro- 
pism, renders  possible  the  winding  of  stem-climbers. 

Negative  Geotropism.  —  All  vertically  upward  growing  organs, 
wliether  stems,  leaves  (LUiiJlorae),  tiower-stalks,  parts  of  Howers,  or 
roots  (such  as  the  respiratory  roots  of  Avicennae,  Palms,  etc.),  are 
negatively  geotropic.  In  case  such  negatively  geotropic  organs  are 
forced  out  of  their  upright  position,  they  assume  it  again  if  still  capable 
of  growth.  As  in  heliotropism,  GEOTROPIC  CURVATURE  RKSULTS  FROM 
THE  INCREASED  GROWTH  OF  ONE  SIDE  AND  THE  RETARDED  GROWTH  OF 

THE  OPPOSITE  SIDE ;  and  the  region  of  greatest  growth  is,  in  general, 
also  that  of  the  greatest  curvature.  In  negatively  geotropic  organs, 
growth  is  accelerated  on  tlie  side  towards  the  earth  ;  on  the  upper  side 
it  is  retarded.  In  consequence  of  the  unequal  growth  thus  induced, 
the  erection  of  the  free-growing  extremity  is  effected.  After  the 
upright  position  is  again  attained,  the  one-aided  growth  ceases  and  the 
organ  continues  to  grow  in  an  upward  direction. 

The  ]>rore)ui  of  negative  geotro]iic  movement  is  dependent :  (I)  upon  the  vigour 
of  tlie  exiutiuf!  groH'th  ;  (2)  ujion  tlie  sensibility  oF  the  urgan ;  (3)  u[>on  ttie  tact 
tluLt  tlie  atiniulus  of  gruvity  works  most  energetically  when  the  apex  of  the  ortho- 
tro|)ic  oi^u  ia  removed  about  135'  from  its  position  of  geotropic  equilibrium; 
the  mure  nearly  the  zone  cajiable  of  carvature  apjiroaclius  this  position,  tlie 
sti^nger  is  the  motorj  stimulus  ;  (4)  aud,  also,  u[>on  the  fact  tbat  after  a  stimulus 
lias  caused  to  act  ujion  a  plant,  tbe  induced  stimulation  continues  to  produce  ao- 
ealled  aktek-effects,  ju«t  as  by  a  momentary  stimulus  oflight  on  after-i^rception 
jieraiat*  in  tiie  eye. 

Tliese  considerations  dotemiine  the  actual  course  of  tlia  directive  movement  of 
geotropism,  which,  as  will  be  seen  Troni  the  adjoining  Ggure  (Fig.  202),  doea  not 
conBiHt  merely  of  a  siMijile,  conttnaous  curvature.  The  numbers  1-16  show,  dia- 
grammatically,  different  stages  in  the  geotropic  erection  of  a  seedling  grown  in  semi- 
darkness  and  placed  in  a  horizontal  [losition  (No.  1).  Tlie  growth  in  the  stem  of 
the  seedling  is  strongest  Just  betow  the  cotyledons,  and  gradually  decreases  towards 
the  base.  Tlie  curvature  begins  accordingly  close  to  tlie  cotyledons,  and  proueeda 
gradually  down  the  stem  until  it  reaches  the  lower,  no  longer  elongating,  parltous. 
Through  the  downwonl  movement  of  the  curvature,  anU  pai'tly  also  through  the 
after-ell'ei't  of  the  original  stimulus,  tbe  apical  extremity  beconiea  lieiit  out  of  tlie 
Ijerpendicvilar  (So.  7),  and  in  this  way  a  curvature  in  the  opposite  direction  takes 
place.  Tints,  under  the  influence  of  the  stimulus,  the  stem  bends  backwards  and 
forwards,  until,  finally,  the  whole  growing  portion  becomes  erect  and  no  longer 
subject  to  the  one-sided  action  of  tbe  geotroiiic  stimulus.  (A  good  example  of  ex- 
cessive 'ijfurvature  beyond  the  vertical  is  alTorded  by  vigorously  growing  aerial 
ahootH  ot  Jlippurii  vtt!ij(in«.)  Analogous  phenomena  to  those  here  described  ate 
exhibited  in  the  case  of  all  [laratonic  curvatures  of  growth.  In  case  of  a  different 
distribution  and  rapidity  of  growth,  or  of  the  unci[ual  sensitiveness,  rigidity,  or 
thickness  of  the  organ,  as  well  as  in  the  case  of  a  difference  in  its  jwaitiori  at  the 
oomnieneement  of  the  ciu:vature,  the  process,  as  indicated  in  the  figure,  is  corre- 
spondingly modified. 
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Positive   OeotFOplsm,  on   the  other 

hand,  is  observable  in  tap-roots,  in  many 
aerial  roots,  nod  in  the  leaf-sheaths  of  the 
cotyledons  of  many  monocotyledons  which 
penetrate  the  earth  during  germination. 
All  these  organs,  wlien  placed  in  any  other  ^J"-^ 
position,  assume  a  straight  downward  — ^ 
direction  and  afterwards  maintain  it. 
Formerly,  it  was  believed  that  this  re- 
sulted solely  from  tiieir  weight  and  the 
pliancy  of  their  tissues.  It  is  now  known 
that  this  is  not  the  case,  and  that  posi- 
tii'e  geotropic,  like  negatively  geotropic 
movements,  are  possible  only  through 
growth.  The  power  of  a  downward 
curving  root-tip  to  penetrate  mercury 
(specifically  much  the  heavier),  and  to 
evercome  the  resistant  pressure,  much 
greater  than  its  own  weight,  proves  con- 
clusively that  positive  jMbtropism  is  a 
manifestation  of  a  vit^  process.  Posi- 
tive geotropic  curvature  is  due  to  the  fact 
that  THE  GROWTH  OF  AN  ORGAN  IN 
LEMGTU  IS  PROMOTED  OS  THE  UPPER  SIDE, 
AND  RETARDKD,  EVEN  MORK  STRONGLY, 
ON    THE     SIDE     TURNED     TOWARDS    THE 

EARTH.  A  young  germinal  root  of  Ficia 
/ui(i,growingvertically,  elongated  equally 
on  all  sides  24  mm. ;  when  placed  hori- 
zontally, it  exhibited  a  growth  of  38  mm, 
OQ  the  upper  and  of  only  15  mm.  on  the 
lower  side.  A  root  of  Castanmi  fesca, 
with  a  growth  in  a  vertical  direction  of 
20  mm.,  showed,  in  a  horizontal  position, 
a  growth  of  the  up|>er  side  of  :J8  mm. 
and  of  the  under  of  only  9  mm.  In 
these  experiments,  by  marking  with 
Indian  ink,  the  unequal  elongation  in  the 
downward  curvature  may  be  demon- 
strated by  the  greater  divergence  of  the 
marks  on  the  upper  than  the  lower 
side;  it  is  also  evident  that,  as  in 
negative  heliotropism,  the  curvature 
takes  place  in  the  region  of  greatest 
elongation  {Fig.  203).  As  the  jwrtion 
"^  a  root   capable    of  elongati 
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is   very  short,  no  excessive  over- 
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curvature,    as   in    the    case    of    negatively    geotropic    steias,   takes 
place. 

Dlasreotroplsm. — Itfoat  lateral  branches  and  roots  of  the  firat  order 
are  diageotropic,  while  branches  and  roots  of  a 

*I*4t^4 J-    higher  order  stand  out  from  their  parent  organ 

"^ in  all  directions.     DlAGEOTBOPlC  ORGANS  ARE 

%  ONLY    IN     A    POSITION    OF    EQUILIBRIUM    WHEN 

",    ^    J  THEIR  LOSGITUDINAL   AXES    FORM    A    DEFINITE 

^^  IT     ANGLE    WITH    THE    LINE     OF    THE     ACTION    OF 

ey^  GRAVITY.     If  forced  from  their  normal  inchna- 

tion  they  return   to  it  by  curving,     A  special 

insUtnce    of    diageotropism    is    exhibited    by 

strictly  horizontal  organs,  sucli  as  rhizomes  and 

stolons,  which  show  a  strictly  TRANSVERSE  GEO- 

TROPISM,  and,  if  removed  from  their  normal 

position,  their  growing  tips  always  return  to  the 

horizontal.     A  more  complex  form  of  geotropic 

orientation  is  manifested  by  dorsiventral  organs. 

These,  in  contrast  to  radial  ot^ns,  such  as  most 

Fio.  503, -Geotmiinr  cnrva-  roots  and  Stems,  ar$>not  developed  on  a  uni- 

or'Kiefn  f«im°^;'pi«oed  ^'^''"  P'*"^  **"  *"  stdeS,  but  show  two  usu^y 

horiioiiuiiy  ;     II.    Ktitr  externally  perceptible  different  sides — a  dotsal 

«even  hoiirj;   iii.Htter  ^nd   a   veutHil   Side.      The   foHage   leaves  of 

ni«diniieir(Afi«rH«oHso  tuost   dicotytedous    and    zygomorphie    flowers 

(Aidinhmnm,  Awmtam,  etc.)  f'urnisli  pronounced 

examples    of  dorsiventral   structure.       All  such  dorsiventral  oigans, 

just    as    radial    organs    that  are  diageotropic,  form  a  definite  angle 

with  the  direction    of  gravity,   but   are  only  in   equilibrium  when 

the  dorsal  side  is  uppermost.     If,  in  spite  of  the  proper  inclination  of 

the  longitudinal  axis,  the  dorsal  side  should  lie  underneath,  it  elongates 

until  it  comes  back  again  into  a  dorsal  position. 

A  state  of  torsion  often  resultn  froni  the  orientation  movements  of  darsirentnt 
recover  from  abnormal  positions.  Sbiilarly,  a  torsion  must  also,  of  neces- 
r  when  a  geotropic  organ,  which  has  become  curred  over  toward  its  jjarent 
axis,  turns  itself  abont  so  aa  to  face  outwards  (exotkiifism).  Tlie  rotation  of  tlie 
ovaries  of  many  Ordtidaccm,  of  die  flowers  of  the  Lobtliaccac,  of  the  leaf-slalks  on 
all  hanging  or  oblique  branches,  of  the  originally  reversed  leaves  (with  the  [Hlisadr 
[tarenchyma  on  the  under  side]  of  the  Alstmemeriae,  and  of  Allium  urtinvui,  all 
afford  familiar  examples  of  torsion  regularly  occurring  in  the  process  of  orientation. 

Stem  -  Climbers.  —  In  addition  to  the  better -known  forms  of 
gcotropism  already  mentioned,  stem-climbers  exhibit  a  peculiar  and 
only  recently  recognised  geotropic  movement,  by  means  of  which  they 
are  enabled  to  twine  about  upright  supports.  This  movement  depends 
upon  the  geotropic  promotion  of  the  growth  of  one  side  (not,  as  in 
negative  or  positive  geotropism,  of  the  upper  or  lower  portions).  Thus 
a  geotropic  curvature  in  a  horizon^l  plane  is  produced  (LATERAL  OEO- 
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TROPISM),  resulting  in  a  revolving  motion  of  tlie  slioot  apex.  Stem- 
climbers  occur  in  very  difTerent  plant  families  ;  and  although  an  upward 
growth  is  essentia)  to  their  full  development,  which  they  do  not  attain 
if  left  on  the  ground,  their  stems  are  not  able  of  themselves  to  main- 
tain an  erect  position.  The  erect  stems  of  otlier  plants,  which  often 
secure  their  own  rigidity  only  through  great  expenditure  of  assimilated 
material,  are  made  use  of  by  stem-climbers  as  supports  on  which  to 
spread  out  their  assimilatory  organs  in  the  free  air  and  light.  The  utili- 
sation of  a  support  produced  by  the  aasimilatory  activity  of  other  plants 
is  a  peculiarity  they  possess  in  common  with  other  climbers,  such  as 
tendril-  and  root^limbere.  Unlike  them,  however,  the  stem-climbers  ac- 
complish their  purpose,  not  through  the  use  of  lateral  clinging  oi^ans,  but 
by  liie  capacity  of  their  main  stems  to  twine  about  a  support.  The  first 
intemodea  of  young  stem-climbers,  as  a  rule,  stand  erect.  By  further 
growth  the  free  end  curves  energetically  to  one  side,  and  assumes  a 
diageotropic,  more  or  less  oblique  or  horizontal  position.  At  the  same 
tJme  the  inclined  apex  begins  to  revolve  in  a  circle  either  to  the  right 
or  to  the  left.  This  is  the  movement  which  it  has  been  customary  to 
speak  of  as  "  revolving  nutation,"  but  which  it  is  better  to  term 
REVOLVING  MOVEUENT.  The  expression  "  nutation  "  is  not  in  this  case 
correct,  as  by  it  are  understood  autonomic  movements ;    while  THE 

REVOLVINa  MOVEMENTS  OF  STEM-CLIMBERS  RESULT ,  FROM  THE  EX- 
TERNAL siMULUs  OF  GEOTROPISM,  which  causes  a  promotion  of  growth 
in  either  the  right  or  left  side  of  the  young  internodes  of  the  inclined 
shoot  apex.  As  a  result  of  tiiis,  a  movement  towards  the  other  side 
is  induced.  On  account  of  the  direct  connection  of  the  apex  of  the  shoot 
with  the  lower  erect  internodes,  this  revolving  movement  necessarily 
gives  rise  to  a  similar  rotation  of  the  revolving  apex  on  its  longitudinal 
axis.  Through  this  rotation  the  torsion,  which  would  otherwise  be 
produced  by  the  revolving  movement  of  the  inclined  tip  of  the  shoot, 
is  released.  (This  process  will  at  once  become  apparent  by  imitating 
the  movement  with  a  rubber  tube.)  Thus  the  apex  of  a  stem-climber 
sweeps  round  in  a  circle  like  the  hand  of  a  watch,  and  rotates  at  the 
same  time  like  the  axle  to  which  the  hand  is  attached.  Through  this 
rotation  of  the  shoot  apex,  the  part  of  the  stem  subjected  to  the 
action  of  the  lateral  geotropism  is  constantly  changing ;  and  the  revolv- 
ing movement  once  begun,  must  continue,  as  no  position  of  equilibrium 
can  be  attained. 

Without  the  constant  and  unchanging  action  of  gravitation  in  determining  the 
direction  of  the  revolving  movement,  tlie  twining  of  a  slioot  contluuDualy  about  a 
support  ia  liordly  conceivable.  It  is  accordingly  not  without  raason  that  the  re^ 
volviug  movement  is  a  continuona.  lixed,  geotropic  movement,  and  not  an  autonomic 
nntatiou  without  definite  directive  foice.  Lateral  geotropiani  is  a  physiological 
lequisile  for  the  climbing,  and  the  existence  of  8tem-climlM.'rs  as  such, is  deiiendent 
upon  this  peculiar  form  of  geotropism.  Ts  this  dependence,  however,  is  also  due 
the  fact  that  atem-climbers  can  only  twine  about  upright  or  slightly  inclined  sup- 
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jiorts.  This  is,  it  is  true,  a  limitation  to  tlieir  jkjwc 
is  Dot  witbaut  advantage,  for  the  plaiita  are  tima  C' 
liglit  and  air. 

When  an  upright  support  occurs  anywhere  in  the  immediate  neigh- 
bourlioodof  the  apexofa  climbing  shoot  it  is  sure  t<)  be  discovered.  The 
apical  extremity,  of  which  the  movement  Is  but  little  disturbed  by  tie 
leaves,  which  remain  for  a  long  time  nndevelo[)ed, 
is  forced  by  its  lateral  geotropism  against  the 
support,  and  hyits  nest  revolutions  twines  around 
it.      If  the  support  be  thin,  the  coils,  at  first 
almost  horizontal,  are  only  loosely  wound  about 
it.     Later  they  become  more  spiral,  and  so  niad 
more  tightly.    This  is  accomplished  by  the  ulti- 
mate  predominance   of   negative  geotropism  in 
the  coiled  portions  of  the  stem,  which  tends  con- 
tinually to  draw  out  the  coiU  and  make  ibe 
stems  uprigiiL     This  action  of  negative  geotro- 
pism   is  well  shown  in  the  case  of  shoots  wbicb 
have  formed  free  coils  without  a  support  (Fig. 
204).     By  the  resistance  offered  by  the  supports 
to  the  complete  elongation  of  the  spiral  stems, 
the  shoots  are  held  firmly  in  position.     In  manv 
twining  plants  the  roughness  of  their  surfaces 
(due    to    hairs,   bristles,    hooks,   furrows)  also 
.  assists   in   preventing  the  shoots  sliding  down 
'   their  supports.      The  autonomic  torsion  arising 
Pi,,'  .I'ract.)  j^  jj^g  older  portions  of  the  stems  is  also  of 

assistance  in  holding  climbing  plants,  especially  those  with  furroweii 
stems,  tightly  wound  about  their  supports.  The  twining  of  stem- 
climbers,  as  well  as  the  attachment  to  their  su|)ports,  is  due  to  geo- 
tropic  processes  of  growth,  and  not,  as  in  tendril-climbers,  to  contact 
stimuli. 

In  addition  to  the  autonomic  torsions,  a  toraiou  from  purely  mechanical  cxsif^ 
19  uecea^jarily  mauifvstud  iu  tlie  elongation  of  the  coila  ofa  ti\'tuiiig  stcni  which  an 
at  fii-st  nearly  hon;:onta),  so  far  at  least  as  it  \a  not  equalised  by  the  free  movement 
of  the  ajiex.  (To  make  this  form  of  torsion  a[i|>arent,  it  is  only  necessary  to  hold 
firmly  the  inner  end  of  a  horizontal  coil  of  rubber  tubing,  and  draw  out  the  olhft 
end  until  the  tube  iu  straight.  If  a  mark  lias  previonsly  been  drawn  along  one  dit. 
Hay  the  convex  side  of  the  tube,  its  position,  after  the  tube  tiaa  been  extended, 
will  iihow  clearly  the  actual  torsion  that  has  taken  place,] 

From  their  manner  of  winding,  stem -climbers  can  twine  only 
around  slender  or,  at  the  most,  moderately  thick  supports.  Here 
again  is  a  limitation  to  their  powers  of  climbing ;  but  in  this  instance 
aho  the  limitation  has  its  advantages,  for  by  climbing  the  tmnlia  of 
lai^e  shade  trees,  these  plants,  which  require  the  unobstructed  light, 
would  be  placed  in  an  unfavourable  position. 
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The  direction  of  the  revolving  movementB,  and  accordingly  alao  of 
the  windings,  of  most  stem-ctimbera  ia  constant.  The  twining  st«ms 
are  for  the  most  poit  sinistrorse  (Conrohtiltis,  Pltanediis,  PharUtis, 
etc.).  Seen  from  above,  the  windings  run  from  the  nortli  towards  the 
west ;  that  is  just  the  reverse  of  the  movement  of  the  hands  of  a  watch. 
Viewed  from  the  side,  the  windings  ascend  the  support  from  the  left 
below  to  the  right  above  (Fig.  205).     Dextrobsk  stem-climbers  with 


) 


windings  from  east  to  west  occur  less  frequently  (Hop,  Honeysuckle, 
P(hjfimiim  Contdrvlits,  etc.).  In  the  example  chosen  for  illustration 
{MgrsipkyUum  (isparat/nides.  Fig.  2D6)  the  undeveloped  condition  of  the 
lateral  members  in  comparison  with  the  elongated  internodes  of  the 
stem  is  very  apparent.  A  very  few  plants,  such  as  BUimmbudiia 
laterUia,  Hihbaiiadentata,  and  Snjpjiantris,  seem  able  to  climb  equally  well 
either  to  the  right  or  to  the  left,  A  similar  irregidarity  is  shown  in 
SoianHjn  Dulcamara,  which,  however,  rarely  winds,  and  then  only  under 
special  circumstances. 
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Wlien  the  K[iex  of  a  siniatrorsa  shoot  imints  tovrards  the  north,  it  is  the  ful 
Bide  of  which  the  growth  in  promoted  by  geotropism  ;  io  dextrorse  elimbere,  on  the 
contrary,  tliegronth  of  the  neat  side  is  more  rapid.  That  tliosame  stimulus  alTecte 
indifferent  plants  the  growth  of  opposite  sides,  may  be  explained  hy  the  diiTerencf 
in  the  arrangement  or  their  irritable  structuri-'S  (through  tlieir  reversed  jiositiDn) 
within  the  organ.  From  the  fact  that  the  juomotion  of  growth  occurs  always  un 
the  same  aide,  it  will  be  apparent  that  the  a]>ei  of  an  inverted  twining  stem  mtut 
unwind  from  its  BUj>{>ort.  (Concerning  the  behaviour  of  atem-climbers  on  the 
Klinostat,  compare  |>.  264.) 

Curvature  of  Grass- Haulms. — All  the  examples  of  geotropic 
moveiDenta,  so  far  observed,  took  place  io  the  growing  portions  of 
plants,  and  whether  occurring  in  unicellular  or  multicellular  organs, 
were  due  to  a  disturbance  of  the  course  of  growth.  A  curvature  even 
of  lignified  twigs  can  also  be  produced  by  the  one-sided  atronger 
growth  of  the  cambium  and  of  the  young  secondary  tissues.  Even 
many -year -old  Ijranches  of  Conifers  are  all  able,  although  slowly,  to 
exhibit  geotropic  curvatures.     The  nodes  of  grasses  sijow  that 

RESTING    TISSUES    ALSO    CAN    BE    EXCITED    TO    NEW   GROWTH    BY  THE 

STIMULUS  OF  GRAVITATION.  The  loiot-like  swellings  on  the  haulms 
of  the  Grasses  are  not  nodes  in  a  morphological  sense,  but  are 
cushion-like  thickenings  of  the  leaf-sheaths  above  their  actual  in- 
sertion on  the  shoot  axis.  The  part  of  the  stem  thus  enveloped 
is  very  tender  and  flexible.  When  a  grasa-haulra  is  laid  horizontally, 
which  not  unfrequently  occurs  through  the  action  of  the  wind  or 
rain,  the  nodes  will  begin  to  exhibit  an  energetic  growth  on  their 
lower  sides.  As  the  upper  sides  of  the  nodes  take  no  part  in  the 
growth,  but  are  instead  frequently  shortened  through  pressure  and 
loss  of  water,  knee  -  like  curvatures  are 
formed  at  the  nodes,  by  means  of  which 
the  haulm  is  again  quickly  brought  to  an 
erect  position  (Fig.  207).  In  this  way  laid 
corn  IS  able  to  right  itself.  Similar  cuna- 
tures  to  those  of  the  grass  nodes  may 
be  produced  in  the  true  nodes  of  the  grass- 
like  Diiuillii,  and  of  the  Poiygonaceof-  {Fdf 
FiQ.  SOT,— GeotropLc  ereciion  or  a  goHVm,  PtUTncx)  and  CmiimtUiuiceae  {Trader- 

a  node.    1,  Piaced  luirtiaiitally.  >.    i.~        ■•■,-,  ,    , 

both  biops  (b,  o)  of  ihB  ikxIk  '  Modifications  in  the  character  of  the  geo- 
iwtiig  of  oquai  length;  2,  the  tropjsm,  as  of  the  heliotropism,  of  an  organ 

under  .Ide  <u)  l.nBllj.a«l   the  ^    occasioned    by  the    operation   of  in- 

upper  »ld*  (o)  KHiwKhat  short-  J  1    -    ,V  C-     L 

enedinHircniitofthfcnniitiire  temsl  as  well  as  external  influences,  aach 
the  grasb-hauim  iiis^iiwn  rai»«i  changes  in  their  geotropic  position  frequently 
tiiroii^thniiiiiiiiipof.s.  occur,  as  VocHTiNG  has  demonstrated,  dur- 

ing the  development  of  flower-buds,  flowers,  and  fruits  (buds  and  flowers 
of  Ptipaier,  flowers  and  fruits  of  Aqiiihffiu,  Delphinium,  Armiiam,  and 
in  the  burial  of  the  fruit  of  Trifotium  sublenvneum,  Arachis  hypogaea,  ete.). 
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Of  tlie  changes  in  the  geotropic  conditions  of  plant  organs  duo  to 
external  canses,  those  are  particularly  noticeable  which  result  from  a 
failure  of  a  sufficient  supply  of  oxygen,  by  which,  for  example,  roots 
and  rhizomes  are  made  negatively  geotropic  And  even  more  im- 
portant are  the  modifications  arising  from  the  action  of  light,  by 
which  the  geotropic  irritability  of  rhizomes  and  foliage  leaves  may 
be  so  modified  or  weakened  as  to  permit  of  more  advantageous 
heliotropic  positions. 

C.  Htplrolropism,  Calmilmpism,  Tlurmotru^nsm,  etc 
Whenever  any  external  force  or  substance  is  important  to  the 
vital  activity  of  a  plant  or  any  of  its  oi^na,  there  will  also  be  found 
to  be  developed  a  corresponding  irritability  to  their  influences.  Koots 
in  dry  soil  are  diverted  to  more  favourable  positions  by  the  presence 
of  greater  quantities  of  moisture.  The  force  of  this  positive  HYDRO- 
TROPISM may  be  so  great  as  to  overcome  the  geotropic  equilibrium  of  the 
roots,  and  thus  give  rise  to  hydrotropic  curvatures.  Conversely,  the 
sporophorea  of  many  mould  Fungi  avoid  moisture.  To  this  property  is 
due  the  fact,  bo  advantageous  for  the  distribution  of  the  spores,  that 
their  sporangiophores  grow  directly  away  from  a  moist  substratum. 
Corresponding  to  the  chemotactic  irritability  of  Bacteria  and  spermato- 
zoids,  roots,  fungus  bypbie,  and  pollen  tubes  exhibit  positive  and 
negative  CHEMOTROPic  CUKVatuhe.S.  These  vary  according  to  the 
concentration  of  the  solution,  so  that  an  attractive  substance,  at  a 
higher  concentration,  may  act  repulsively.  Thbrmotropism  {due  to 
the  stimulus  of  heat),  Rheotropism  (occasioned  by  the  direction  of 
water  currents),  and  Aerotrofism,  a  form  of  chemotropism,  are 
additional  phenomena,  which  have  been  distinguished  as  arising  from 
the  special  action  of  external  stimuli,  and  which  stand  in  direct  rela- 
tions to  certain  vital  requirements  of  plants. 

In  the  case  of  electkopinh,  whicli  Lbs  also  li«en  demonstrateti  in  jtlauts,  u»  ^ 
such  essential  relations  hive  been  discovered  ;  the  disposition  of  jilant  or^^ans  iu  a, 
direction  contrary  to  th&t  of  an  electric  current,  seems  in  no  way  to  alfect  their 
growth.  The  fact  of  the  existence  of  electropisni  in  pUnta  »ho»'H  clearly  that  an 
irritability  may  be  present,  from  which  no  direct  benefit  is  ordinarily  derived,  and 
which  occordiugly  could  not  have  been  attained  by  natural  selection. 

D.  Tht  Method  of  Sim  Rolation—The  Kliiio.-<liii 
All  the  curvatures  of  growth  previously  discussed  have  been  in- 
duced by  the  one-sided  action  of  stimuli,  the  source  of  which  determined 
the  direction  of  the  movements  as  well  as  the  position  of  equilibrium. 
An  influence  operating  equally  on  all  sides  is  unable  to  produce  a 
curvature  in  an  organ  of  which  the  irritability  is  equally  developed  on 
all  sides.    In  like  manner  no  curvatures  can  take  place  when  the  plant  is 
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uaiforml;  rotated,  with  a  velocity  sufficient  to  preclude  the  continaouB 
operation  of  a  stimulus  on  anj  one  point  long  enough  to  occasion  ^ 
one-sided  growth.  As  in  that  case,  no  one  side  will -be  exclusively 
acted  upon,  but  the  growth  of  all  will  be  equally  promoted  or  retarded ; 
the  action  of  external  inHuences,  although  exerted  in  only  one  direction, 
will  be  equalised.  On  this  account  the  "  method  of  slow  rotation,^ 
originally  instituted  by  Sachs,  is  of  great  aeaistance  in  the  observation 
and  investigation  of  the  phenomena  of  movements.  By  means  of  it, 
heliotropic  movements  due  to  one-sided  illumination  may  be  prevented 
without  the  necessity  for  either  exposing  the  plants  to  the  injurious 
effects  of  continued  darkness,  or  providing  for  an  equal  illumination  on 
all  sides.  This  method  is,  moreover,  of  especial  value  in  investigating 
the  movements  due  to  the  action  of  gravitation,  for  it  is  not  possible 
to  exclude  its  influence,  as  it  is  those  arising  from  light,  definite 
temj)erature,  oxygen,  etc. 

When  plants  are  si^wly  rotatI';d  on  a  horizontal  axis,  the 
one-sided  action  of  gravitation  is  eliminated  and  geotbopic 
CURVATURE  IS  THUS  PREVENTED  in  Organs  which  react  equally  on 
all  sides.  The  rotations  are  best  produced  by  the  KLINOSTAT, 
an  instrument  by  means  of  which  an  exactly  horizontal  axis  is 
Eotated  by  clock-work.  That  geotropic  curvatures  of  radial  organs 
are,  in  fact,  precluded  by  means  of  the  klinostat,  furnishes  a  re- 
markable corroboration  of  the  result  of  Knight's  experiments,  and 
may  also  be  regarded  as  a  further  proof  that  such  curvatures  are  due 
tn  terrestrial  gravitation.  Through  the  equalisation  of  the  action 
of  external  directive  influences,  radial  portions  of  plants  exhibit  on 
the  klinostat  only  such  movements  as  arise  from  internal  causee- 
The  most  important  of  these  autonomic  movements  are  those  resulting 
in  epinastic  and  hyponastic  curvatures  {p.  249),  and  the  retrogression 
of  recently  formed  paratonic  curvatures  through  longitudinal  extension 
(autotropism). 

Such  autonomic  movements  should  not  be  coufcaed  with  thoKe  exhibited  b; 
dorsi central  organs  on  the  Idiuostst,  in  consequence  of  the  unequal  irritability  of 
their  different  sides.  Throngli  the  special  irritability  of  the  dorsal  siilf  (p.  2i3) 
of  foliage  leaves  and  zygomorphic  lloneM,  it  is  during  their  rotation  more  Eitranglj 
actul  u]ion  by  geotropic  influence  than  the  ventral  side  ;  as  a  result  of  this  curn- 
tures  are  [irodnced  which  so  closely  resemble  those  resulting  from  epinasty  th« 
they  were  for  a,  long  time  actually  considered  as  such.  AVhen  Hteni-elinibeni  tK 
rotated  on  the  klinostat,  their  revolving  movement  ceases,  the  part  of  the  stem 
callable  of  growth  unwinds  and  straightena,  and  afterward  eshibito  ouly  irregiil" 
nutations.  It  is  thus  evident  from  their  l>ehaviour  that  their  winding  and  fU- 
ticiilarly  tlieir  revolving  movements  are  dt|>endent  upon  geotropiani. 

E.  Curmhiias  induced  bi/  Conlad  Slimuli 
The  protoplasm  of  plants,  like  that  of  animals,  exhibite  an  irritability 
to  contact,  whether  momentary  or  continuous.      This  is  apparent. 
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not  only  from  the  behaviour  of  the  naked  protcplaemic  bodies  of 
spermatozoids,  swarm-spores,  plasmodia,  and  amcebie,  but  also  from 
the  reactions  manifested  by  walled  cells  and  by  whole  organs,  the 
functions  of  which  may  be  ao  disturbed  by  the  action  of  mechanical 
stimuli  that  death  ensues. 

The  almost  universal  irritability  of  vegetable  protoplasm  to 
mechanical  stimulation  is  utilised  by  a  number  of  plants  for  the 
production  of  movements  which  lead  to  their  ultimate  attachment  to 
the  irritating  body.  Tendril- climbers,  in  particular,  have  developed 
this  irritability  to  contact  stimuli  as  a  means  of  attaching  themselves 
to  supports  ;  and  in  that  way  are  enabled  to  elevate  their  assimilating 
and  also  their  reproductive  organs  into  more  favourable  situations.  In 
the  case  of  twining  plants  which  possess  similar  powers  of  climbing, 
the  process  of  elevation,  as  has  already  been  shown,  is  accomplished 
by  means  of  the  geotropic  irritability  of  the  stems  themselves.  In 
the  case  of  tendribclimbers,  on  the  contrary,  the  attachment  to  the 
support  is  effected,  not  by  the  main  axis  of  the  plant,  but  by  lateral 
organs  of  different  morphological  ciiaracter.  These  may  either  main- 
tain, at  the  same  time,  their  normal  character  and  functions,  or,  as  is 
usually  the  case,  become  modified  and  as  typical  tendrils  serve  solely 
as  climbing  organs.  The  support  operates,  moreover,  not  as  a 
hindrance  to  a  movement  previously  induced,  as  in  tl)e  case  of  stem- 
climbers,  but  itself  produces  curvature  in  the  tendrils  in  consequence 
of  contact  or  friction.     The  contact  of  a  tendril  WITH  A  SOLID 

BODY  ACTS  UPON  ITS  GROWTH  IS  SUCH  A  WAV  THAT  THE  ELONGATION 
OP  THE   CONTACT   SIDE   IS    ARRESTED,    WHILE   THAT   OF   THE    OPPOSITE 

SIDE  IS  PROMOTED.  As  a  result  of  this,  a  sharp  curvature  of  the 
tendril  ensues,  which  coils  it  about  the  support.  The  more  slender 
the  tendrils  and  the  stronger  their  growth,  the  more  easily  and 
quickly  this  process  occurs.  Through  the  tendency  of  the  curvature 
to  press  the  tendrils  more  and  more  firmly  against  the  support,  deep 
impressions  are  often  made  by  them  upon  yielding  bodies,  soft  stems, 
rubber  tubing,  etc. 

In  the  more  typically  developed  tendrils  the  curvature  does  not 
remain  restricted  to  the  portions  directly  subjected  to  the  action  of 
tlie  contact  stimulus.  Apart  from  the  fact  that,  in  the  act  of  coiling, 
new  portions  of  the  tendrils  are  being  continually  brought  into  contact 
with  the  support  and  so  acted  upon  by  the  stimulus,  the  stimulation  to 
curvature  is  also  transferred  to  the  portions  of  the  tendril  not  in 
contact  with  the  support  Through  the  action  of  the  propagated 
stimulus,  not  only  is  the  free  apex  of  the  tendril  turned  more  quickly 
around  the  support,  but  a  tendency  to  curvature  is  imparted  to  the 
portion  of  the  tendril  between  the  support  and  the  parent  shoot  As 
it  extends  between  two  fixed  points,  this  tendency  causes  it  to  coil 
spirally,  like  a  corkscrew.  With  the  spiral  coiling,  a  torsion  is 
produced,  and,   on  account  of  the   fixed   position   of  the  two  end 
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points,  it  cannot  be  exerted  in  one  direction  only,  the  epirat,  for  purely 
mechanical  reasons,  coils  partly  to  the  left  and  partly  to  the  right 
Points  of  reversal  (/) 
thus  occur  in  the  windings 
which,  in  equal  numbers  to 
the  right  and  to  the  left, 
equalise  the  torsion  (Fig. 
208).  Through  the  spiral 
coiling  of  the  tendrils  the 
parent- stem  is  not  only 
<  drawn  closer  to  the  support, 
but  the  tendrils  themselves, 
through  their  consequent 
elasticity,  are  enabled  to 
withstand  the  injurious 
effects  of  a  sudden  shock. 

Advantageous  changes 
also  take  place  in  the  ans- 
tomical  structure  of  the  ten- 
drils after  they  are  fastened 
to  the  supports.  The  yoiing 
tendrils,  after  their  elongation,  exhibit  active  nutations,  and  thus  the 
probability  of  their  finding  a  support  is  enhanced.  During  tliis  time 
they  remain  soft  and  flexible,  while  the  turgor  rigidity  of  their  apices 
is  maintained  onlj'  by  collenchyma.  In  this  condition  they  are  easily 
ruptured,  and  have  but  little  sustaining  capacity.  As  soon,  however, 
as  a  support  is  grasped,  the  coiled-up  portion  of  the  tendrils  thickens 
and  hardens,  while  the  other  part  lignifies,  and  becomes  so  strengthened 
by  sclerenchymatoos  formations  that  the  tendrils  can  finally  sustain 
a  strain  of  many  pounds.  When  the  tendrils  do  not  find  a  support 
they  usually  dry  up  and  fall  off,  but  in  some  cases  they  first  coil  them- 
selves into  a  spiral. 

The  tendrils  of  many  j>laDta  {Cabaea,  Cissus)  are  irriUliIe  on  all  sides  ;  otheis, 
on  the  coutrary,  on  only  the  lower  side  (tendrils  of  Cu/mrMaceae  and  others  nilh 
hooked  tips) ;  while  others  possess  extremely  sensitive  shoots  {Mutisia).  In  some 
cases  the  tendrils  quickly  coil  themselves  to  the  support,  Ijut  others  coil  more 
slowly  (Fasiifiora,  Sicyos,  Bryonia) ;  while  in  other  tendrils  the  supports  are 
very  slowly  grasiwd  {Sinilax,  Vitis). 

According  to  Pfkffer's  investigations,  it  is  of  great  importance  to 
the  tendrils  in  the  performance  of  their  functions  that  tbey  are  not 
induced  to  coil  by  every  touch,  but  only  through  contact  with  thb 
UNEVEN  SURFACE  OF  SOLID  BODIES  (as  tiius  adjacent  cells  become 
unequally  affected).  Eain-drops  consequently  never  act  as  a  contact 
stimulus  ;  and  even  the  shock  of  a.  continued  fall  of  mercury  produces  no 
stimulation.     Tendril-climbers  are  not,  like  twining  plants,  restricted 
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to  nearly  veilical  supports,  although,  on  account  of  the  manner  in  which 
the  tendrils  coil,  they  can  grasp  only  slender  supports.     A  few  tendril- 
climbers  are  even  able  to  attach  themselves  to  smootli  walls.     Their 
tendrils  are  then  negatively  heliotropic,  and  provided  at  their  apices  with 
small  cushion-like  outgrowths,  which  may  either  develop  indeprendently 
on  the  young  tendrils  {j4)npelopm  Veitciiii),  or  are  first  called  forth  by 
contact    irritation  (Ampelfipids  hederacea).      Through  their  sticky  ex- 
cretions these  cushions  become  fastened  to  the  wail  and  then  grow 
into  disc-like  suckers,    the  cells  of  which 
come  into  such  close  contact  with  the  sup- 
porting wall  that  it  is  easier  to  break  the 
lignified  tendrils  than  to  separate  the  hold- 
fasts from  the  wall.     Fig.  209  represents 
the  tendrils  of  Ampelopsis  FeitckU  {Vitis  in- 
nm-flatu).     The  suckers  occur  on  its  young 
tendrils  in  the  form  of  knots.     In  Ampe- 
Uijigis  hederacea  the  suckers  are  only  pro- 
duced  as   the  result  of    contact,   and  the 
t«ndnls  of  this  plant  require  thin  supports. 
Sometimes,  as  in  the   case  of   Lopko- 
spermiim  scandens  (Fig.  210),  the  leaf-stalks, 
although   bearing   normal   leaf-b lades,   be- 
come   irritable    to    contact    stimuli    and 
function  as  t«ndrile.     Of  leaf-stalks  which 
thus  act    as    tendrils,  good   examples    are 
afforded  by  Ti'njXKolum,  Maamndia,  Solanum 
ja-miiuHdes,  Nepenllies,  etc.    The  subsequent^ 
modifications  occurring  in  more  perfectly 
developed    tendrils  are   not  noticeable    in 
the  case  of  petiolar  tendrils,  although  the 

coiling  portion  of  the  leaf-stalks  of  Solanum  F"^-  -'»■  -I'ortion  ut  a  oiiinbiiiji 
jasjninoides  do  become  strongly  thickened  "n™,^h!^^,r'''Tiw'tehdriiV''('^ 
and  lignified ;  while  the  leaf-  blades  of  bive  rasti^iii^L  thFinseLves  t<>  n 
Ckiimtis,  by  remaining  smalt  for  a  time,  s"io"th  w^n  ^r  "«*"»  of  hoi.!- 
enhance  the  tendril-like  character  of  their 

le&f'Stalks,  and  by  bending  backwards  also  assist  in  maintaining  the 
initial  contact  with  a  support.  At  other  times  the  midribs  of  the  leaf- 
blades  themselves  become  prolonged,  and  assume  the  function  of 
tendrils  (Gloriosa,  Liltonia,  Flayellaria).  In  many  species  of  Famaria 
and  Cwjdalis,  in  addition  to  the  leaf-stalks,  even  the  leaf-blades  of 
the  leaflets  twine  ai'ound  slender  sujtports,  while  the  parasitic  shoots 
o(  CusciUa  (Fig.  185)  are  adapted  for  both  twining  and  climbing. 

F.  Citrvaliires  of  groaik  due  In  Vaiialions  in  Light  and  Temperature 
The  flowers  and  foliage  leaves  of  many  plants  exhibit  the  peculiarity 
that  their  different  sides  (the  upper  and  under  sides  of  foliage -leaves  and 
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leaf-stalks,  the  inner  nnd  outer  sides  of  floral  leaves)  show  an  unequal 
growth  in  response  to  even  transitory  and  slight  variations  in  tempera- 
ture and  in  the  intensity  of  light.  Whenever,  on  account  of  rach 
variations,  the  growth  of  the  under  side  of  a  leaf  exceeds  that  of  the 
upper  side,  the  whole  leaf  moves  upwards  and  towards  the  parent  asis ; 
while  if  the  growth  of  the  upper  side  is  the  stronger,  the  leaf  is  depressed. 
^Movements  of  this  nature  are  especially  noticeable  in  flower-leaves, 
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and  bring  about  the  opening  and  closing  of  the  flower.     A  rise  of 
temperature  causes  the  flowers  of  the  Tulip  and  Crocus,  and  also  those 
of  A'lonis,  Ornitiifigalum,  and  C'olfhicum,  to  open,  while  sudden  cooling 
causes  them  to  close.    Tulips  and  Crocuses,  if  brought,  while  still  closed, 
into  a  warm  room,  open  in  » 
verj'  short  time;  with  a  dif- 
ference of  temperature  of  15  - 
20°  C,    in   from  two  to  four 
minutes.     Crocuses  respond  to 
an  alteration  in  temperature  of 
r  C;  Tulips  to  a  variation  of 
2°-3°  C.      In   warm   sunshine 
the  spring  or  summer  flowers 
are    open    for    the    visits   of 
Fiii.  -'11.— Cuini-osiie  flonpr  of  u->u'.ixiiin  hAiMiiu.   insects,  but  ou  a  lowering  of 
oL.se.L  whuii  iif|it  In  liarknrM,  o[)fn  whta  LUu-  temperature  the  sexual  organs 
,ni.-.«Ki.  (Fro«,DET«B„/-*,.„.i.r™o  are  covercd  up  and  protected. 

The  stronger  growth  of  one  side  occurs  in  this  case  either  al  the  base 
or  up[)er  part  (Cokhieum)  of  the  perianth  leaves. 
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The  composite  flowers  of  Taraxacum,  Leontodon,  and  other  Com- 
pofiitee,  also  the  flowei-a  of  Kymphaai,  Cadi,  etc.,  open  when  illuminated, 
and  close  when  kept  in  darkness  (Fig.  211).  Variation  of  light 
produces  also  unequal  growth  in  foliage -leaves,  particularly  in  those 
of  the  Chenopodiaceae,  CaryophyUaceae,  and  Balsamiiiareae,  and  cause 
them  to  assume  so-called  sleep  positioks. 

lo  many  instances  the  movements  of  the  homl  leaves  are  produced  by  varia- 
tions of  light  as  well  as  of  temperature  ;  for  example,  the  flowers  of  the  Tuliji  and 
Crocus  opeD  \a  the  light  and  clotie  in  the  dark,  although  the  teniperatum  remains 
constant.  In  the  case  of  opposing  external  influences,  tlie  resulting  direction  of 
the  movement  of  the  floffer-leaves  ia  determined  by  the  one  which  is  predominant. 
The  dependence  of  these  movements  apon  ditTerent,  and  often  opposing,  influences, 
together  witli  the  continuance  of  wovements  induced  by  previonsly  operative 
influences  ( after- elTects,  pp.  256,  272),  was  for  a  long  time  a  difficult  problem,  and 
obscured  the  diKcovery  of  their  true  cause. 

These  movements,  occasioned  by  variations  in  the  illumination  and 
temperature,  must  not  be  confused  with  those  of  heliotropism  and 
thermotropism ;  in  both  of  which  the  movement  induced  in  an  organ 
is  dependent  upon  its  relative  position  with  respect  to  the  source  of 
the  light  or  heat,  and  not  upon  the  varying  intensity  of  the  stimulus. 


3.  Hovements  due  to  Changes  of  Turgor  (Movements  of  Irritability) 

The  various  movements  hitherto  considered  are,  to  a  large  extent, 
the  result  of  the  action  of  forces  acting  on  growth.  These  move- 
ments were  therefore  confined  to  oi^ans,  or  parts  of  organs,  still  in 
a  state  of  growth.  In  contrast  to  the  almost  universal  immobility 
of  all  fully-grown  organs,  it  is  particularly  interesting  to  find  that 
some  plants  have  found  a  means  of  carrying  on  vigorous  movements 
without  the  assistance  of  growth. 

It  has  already  l>een  shown  (p.  166)  that  through  the  pressure  of 
increasing  turgidity  the  elastic  cell  walls  become  greatly  distended 
and  the  cell  cavity  largely  expanded,  while,  on  the  other  hand,  the  cell 
walls  shrink  and  the  cell  becomes  smaller  when  the  turgor  is 
diminished  (Fig.  167).  It  is  to  these  changes  in  volume,  which  thus 
result  from  alterations  in  turgor,  that  the  varying  movements  of 
fully -developed  living  organs  are  due. 

Such  variation  movements  occur  only  in  leaves  (foliage  and  flower 
leaves).  These  movements  are  especially  noticeable  in  the  compound 
leaves  of  the  Leguminosae  and  Oxalvteae,  and  also  in  the  leaflets  of 
MarsUia  (a  water-fern).  In  the  motile  regions  of  these  leaves  special 
masses  of  tissue  are,  both  physiologically  and  anatomically,  adapted 
for  the  promotion  of  this  form  of  movement. 
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meots.  Anatomically  couaidered,  the  jiu]vinua  cousista,  for  the  iuo)«t  part,  of 
istroDgl;  tiirgeucent  pansncliyma  with  v«ry  clastic  uell  wulla.  The  vascular  bundles 
and  mechanical  elementa,  which,  in  other  purtioos  of  the  leaf-stalk,  have  an 
aliproximately  circular  arrangement,  unite  in  the  {lulvinug  in  the  form  of  a  uingle 
Hexihle  strand,  and  so  otfer  little  opjiosition  to  the  movement  of  the  leaf  resulting 
from  the  curvature  of  the  motile  region  {cf.  Fig.  1Q5,  i).  The  parenchyma  of  the 
pulvinus  funuM  a  thick  envelojiing  layer  about  thia  oicial  Htraud,  by  means  of  which, 
through  the  pressure  arising  from  a  diiference  in  tiie  turgescence  of  itti  opposite 
sidea,  a  movement  of  the  whole  leaf.blade  is  brought  ahout,  ajrailar  to  that  of  the 
out-ipread  hand  by  the  motion  of  tlie  writit. 

These  variation  movements  are  either  autonomic,  when  the 
variations  of  turgor  are  due  to  no  recognisable  external  influence,  or 
paratonic,  when  the  tui^or  is  regulated  in  a  definite  way  by  the  action 
of  external  stimuli. 

Autonomic  Variation  Movements. — A  remarkable  example  of  this 
form  of  movement  is  furnished  by  the  small  lateral  leaflets  of 
Benmodium  {Hedit^irum)  gyram,  a  papilionaceous  plant  growing  in  the 
damp  Ganges  plains.  In  a  moist,  warm  atmosphere  (23°-25^)  these 
leaflets  make  circling  movements  which  are  in  no  way  disturbed  by 
variations  in  the  intensity  of  the  light,  and  which  are  of  such  rapidity 
that  their  tips  describe  a  complete  circle  in  1-3  minutes.  The  auto- 
nomic variation  movements  of  TrifoHiim  and  Oialis  take  place,  on  the 
contrary,  only  in  darkness.  Thus  the  terminal  leaflets  of  TrifoHum 
jn-utense  exhibit  oscillatory  movements  in  the  dark  with  an  amplitude 
which  may  exceed  120°,  and  are  regularly  repeated  in  periods  of  2-4 
hours ;  but  on  exposure  to  light  the  leaflets  cease  their  oscillations  and 
assume  a  fixed  light  position. 

Paratonic  Variation  Movements  are  chiefly  induced  by  variation 
in  the  intensity  of  the  light,  by  the  stimuhis  of  gravitation,  and  by 
mechanical  irritation  (shock,  friction),  and  also,  but  more  rarely,  by 
variations  of  temperature.  The  pulvini  of  leaves  may  be  affected  by 
several  different  stimuli ;  the  leaves  of  Mimosa  /lui/tm,  for  example, 
are  set  in  motion  by  the  action  of  light,  and  also  by  the  stimulus  of  a 
shock,  and  in  addition,  exhibit  autonomic  movements. 

A  change  from  Hglit  to  darkness,  as  from  day  to  night,  occasions 
NYCTITROPIC  MOVEMBNTS,  or  the  so-called  SLEKP  MOV-EMESTS.  In  the 
day  or  light  position,  which  is  the  same  as  that  of  diaheliotropic  foliage- 
leaves,  the  leaf-blades  are  peri^endlcular  to  the  incident  rays  of  lighL 
With  the  commencement  of  darkness  the  leaves  or  the  single  leaflets 
fold  either  upwards  with  their  upper  surfaces  inward,  or  downwards  ivith 
their  lower  surfaces  together,  and  so  remain  until  the  diurnal  position 
is  again  assumed  on  recurring  illumination.  The  turgor  of  the 
whole  motile  organ  of  the  Bean,  for  instance,  increases  with  darkness, 
but  in  the  upper  half  more  (4-5  atmospheres)  than  in  the  lower; 
while  the  turgor  of  the  motile  organ  is  decreased  by  illumination, 
the  upper  half  in  particular  loses  the  rigidity  acquired  by  the  tissue- 
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tension,  and,  in  consequence  of  the  resulting  superior  pressure  of  the 
lower  half,  the  leaf  is  raieed  again  to  its  diurnal  position. 

According  to  Darwin,  the  leaves  are  protected  from  too  great  a 
loss  of  heat  by  radiation  by  the  assumption  of  the  nocturnal  position. 
This  loss  of  heat  may  sometimes  be  very  considerable,  so  much  indeed, 
that  nyctitropic  leaves,  forcibly  retained  in  their  diurnal  position, 
were  frozen,  while  adjacent  "sleeping"  leaves  sustained  the  night 
temperature  without  injury.  As  sleep  movements  are  also  manifested 
hy  plants  growing  in  tropical  climates,  where  no  injurious  nocturnal 
diminution  of  temperature  occurs,  the  advantage  accruing  from  the 
sleep  position  in  the  previous  instance  is  nut  explanatory  of  the 
nyctitropic  behaviour  of  leaves  in  all  cases.  Sleep  movements  are 
particularly  noticeable  in  Phmeolus,  Trifolium,  Robiniu,  Acacia  lophaitiha, 
Amicia  zygomeris  (Fig.  212),  Mimosa  pudica,  etc. 

Too  intense  light  frequently  causes  the  change  from  the  diurnal 
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position,  and  a  movement  either  towards  or  away  from  the  nocturnal 
position.  The  leaflets  of  the  common  Locust  (EoMnia  pseudacada)  are 
folded  downwards  at  night.  In  ordinary  dilTuse  daylight  they  assume 
their  diurnal,  outspread  position ;  but,  if  exposed  to  the  direct  rays  of 
the  mid-d^  sun,  they  turn  obliquely  upwards. 

Ill  maDy  ptacts  ALTEiiATroNs  in  the  intcksity  of  the  lioht  chanqk  the 
ciEQTBOPlSM  OF  THE  UOTILE  ouGANd  ;  the  sleep  movenienta  are  thea  accompliebed 
by  tbe  help  ofgeoCropic  variation  luovemeats  {Fhuacolut,  Lupiiius). 

The  change  from  the  diurnal  to  the  nocturnal  position  continues 
for  a  time  to  take  place,  even  in  constant  darkness  or  prolonged 
illumination.  The  leaves  themselves  seem  to  have  a  tendency  to 
pass  at  regular  intervals  from  one  condition  to  tbe  other.  The  daily 
periods  are  the  result  of  the  stimulus  imparted  by  the  light,  the 
periodic  action  of  which  induces  the  regular  changes  of  position.  If, 
however,  the  external  stimulus  ceases  to  operate,  the  internal  dispoai- 
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tion  Btill  continues  for  some  time  to  give  rise  to  visible  after-eflects 
(pp.  256,  272),  until  finally,  from  the  abnormal  conditions,  an  abnormal 
slate  of  rigour  (light  rigour,  dark  rigour)  and  symptoms  of  disease  are 


Only  a  few  plants  respond  with  pronounced  variation  movements  to 
mechanical  irritation  (shock,  friction,  injury).  Formerly,  these  alone 
were  considered  irritable  plants,  as  in  the  vegetable  kingdom  only  the 
apparent  mechanical  irritations,  from  which  visible  movements  resnited, 
were  then  r^arded  as  stimuli. 

Of  irritable  plants  in  this  sense,  mention  has  already  been  made  of 
Dionaea  musci^mla  (p.  215),  whose  leaves  v/hen  touched  on  the  upper 
side,  especially  if  the  bristles  are  disturbed,  fold  together.     The  roost 


familiar  example  of  this  irritability  to  mechanical  stimuli  is  furnished 
by  Mimosa  pwlicu,  a  tropical  leguminous  shrubby  plant,  which  owes  its 
name  of  sensitive  plant  to  its  extreme  sensitiveness  to  contact.  The 
leaves  of  this  plant  are  doubly  compound  (Fig.  213).  The  four 
secondary  leaf-stalks,  to  which  thickly -crowded  leaflets  are  attached 
left  and  right,  are  articulated  by  well -developed  pulvini  with  the 
primary  leaf-stalks ;  while  they,  in  turn,  as  well  as  the  leaflets,  are 
similarly  provided  with  motile  organs.  Thus  all  these  different  parts 
are  capable  of  independent  movement,  and  the  appearance  of  the 
entire  leaf  becomes,  in  consequence,  greatly  modified.  In  their 
unirritated,  light  position  (Fig.  213,  on  the  left)  the  leaf-stalk  is 
directed  obliquely  upwards,  while  the  secondary  petioles  with  their 
leaflets  are  extended  almost  in  one  plana      Upon  any  vibration  of  the 
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leaf,  in  favourable  conditions  of  temperature  (25'-30°  C.)  and  moisture, 
all  its  parts  perform  rapid  movements.  The  leaflets  fold  together,  and, 
at  the  same  time,  move  forward,  the  secondary  [wtioles  lay  themselves 
laterally  together,  while  the  primary  leaf-stalk  sinks  downwards  (Fig. 
213,  on  the  right).  Leaves  thus  affected,  if  left  undisturbed,  soon 
resume  their  former  position. 

Tlie  beliAvioiir  of  the  leaves  is  still  more  marvellous  wlien  only  a  few  of  the 
leaflEts  are  acted  u|ion  by  t!ie  stinrulus.  This  is  easily  demonstrated  by  holding  a 
burning  matcli  near  the  lealluts  of  one  of  the  jiinnee.  The  leaflets  directly  affected 
by  the  Hanie  fold  ([niokly  iipwarda,  and  this  movement  is  jierforiued  suceoasively  by 
each  pair  of  leaflets  of  the  pinna  until  the  articulation  with  the  primary  teaf-stalk 
is  reached.  The  stimulation  is  then  conveyed  to  the  other  piuniv,  the  leofleta  of 
which  go  through  the  sime  movement  in  a  rev-rrae  order ;  floally,  the  secondary 
petioles  themselves  dran-  together.  Suddenly,  when  the  whole  process  seems 
apparently  finislied,  the  main  leaf-stalk  in  turn  makes  a  downward  movement. 
From  thia  leaf  the  stimulus  is  able  to  travel  still  further  through  the  stem,  and 
it  may  thus  induce  movement  in  leaves  50  cm.  distant. 

The  movements  of  the  'pulvini  are  due  solely  to  differences  in 
targidity.  It  has  been  observed  that  a  sudden  escape  of  water  into 
the  intercellular  spaces  takes  place  out  of  the  cells  of  the  lower  or 
irritable  side  of  the  pulvinus  of  the  primary  leaf-stalk.  According 
to  the  recent  investigations  of  Habkrlan'DT,  the  conduction  of  the 
stimulus  does  not  appear  to  be  accomplished  by  the  movement  of  the 
water  thus  discharged,  but  by  the  mucilaginous  contents  of  sacs  which 
are  situated  in  the  phloem  portion  of  the  vascular  bundles,  and  which 
are  easily  affected  by  variations  in  the  hydrostatic  pressure. 

The  position  of  an  irritated  leaf  resembles  externally  its  sleep  br 
nocturnal  position,  but  in  reality  the  turgor  tension  of  the  pulvinate 
motory  organ  is  different.     In  the  nocturnal  POSITION  THE  turgor 

W  the  different  sides  of  the  PfLVINUS  IS  UNEtJUALLY  INCREASED, 

and  its  rigidity,  as  a  whole,  is  therefore  increased ;  in  the  position 
assumed  after  a  shock  the  turgidity  of  the  upper  and  lower  sides  is 
UNEQUALLY  DIMINISHED,  and  as  a  result  of  thia  process  the  pulvinus 
loses  its  rigidity. 

Hobinitt,  Oxalis  itceloselUi  and  Biophytum  (Oxalideae)  exhibit  similar, 
although  less  active,  movements,  under  the  influence  of  mechanical 
stimulL 

The  state  of  rigour  sometimes  occurring  in  motile  organs  may  also 
be  best  observed  in  Mimosa,  for,  although  so  sensitive  to  the  action  of 
external  influences,  it  does  not  exhibit  its  irritable  movements  at  all 
times.  Whenever  the  temperature  of  the  surrounditig  air  falls  below 
a  certain  degree,  no  movements  take  place  and  the  whole  plant 
passes  into  a  condition  known  as  cold  riqour,  while,  on  the  other 
hand,  at  a  temperature  of  about  40°,  HE.tT  RIGOUR  occurs,  Drought 
RIGOUR  is  induced,  just  before  wilting,  by  an  insufBcient  supply  of 
water,  and  a  DARK   RIGOUR  by  a  prolonged  retention  in  darkness. 


In  a 
vapour,  etc- 


or  on  exposure  to  hydrogen  and  other  gaaes — chloroform 
-movement  also  ceases,  partly  on  account  of  ineufiicient 
a  oxygen,   and    partly    from    the    actual 

poisonous  action  of  the  gases  them- 
selves. If  the  state  of  rigour  is  not 
continued  too  long,  the  original  irrita- 
bility will  again  return  on  the  restora- 
tion of  normal  conditions. 

The  movements  of  irritability  csUljited 
by  the  Htamiual  luavea  o{  Boiue  HerberidiKeae 
{Ilcrbcris,  Mahonia)  tind  CviiposUae  (C<jnareat 
and  Li'jutifiurae)  l«ar  a.  certain  relHtion  to 
tlioHc  of  foliage  lesven.  The  bow-aliaped 
'  filaments  of  the  stamens  of  the  Coiupofilae 
straighten  uiwa^nieclianic*!  irritation.  As 
they  frequently  contract  10-20  l>tr  cent  of 
their  leligtli,  the  style  becoDie^  extended 
beyond  tlie'anther- tiibe  (Fig.  214).  The 
redui-tiou  in  the  leugth  of  the  filaments  hi 
acconiyanied  by  a  moderate  increase  in  their 
]a  J  thicktivHs,  due  to  tlie  elastic  contraction  of 

the  cell  natU,  and  the  eoDseqlient  expulsion 
t-io.  S14.-A  .Ingle  flower  of  C(«(<i»™    ^f  ^.^^^^  j^j^  t|,g  jnterceUular  spaces.     The 
iana  with  peruiith  reiiiored :  A,  bta-      ^  e    t*    t     ■  j     ir  ■       ■  i 

uietM  tn  uoriiul  poBitloQ-  C  sUaieuM   stamens  of  Btrhfns  and   Mahonta  are  only 
oontncted  ;  c,  lomfr  paii  of  tuhuUir    sensitive  _to  contact  on  the  inner  side   near 
pciiiiitli:  t,  fltaiueiu:  a,  imtliiir-tube  i    their  base,    and  as    their   contractlou   occun 
r,  pollen.     (After  Fra-rtu,    only  on  the  inner  side,  the  anthera  are  thus 
brought  into  contact  uith  the  stignia.     El- 
ements of  carpel lary  leaves  may  be  seen  in  the  flowers  of 
iliHiulua,  Strobilanthes  {Oold/ussia),  ilarlijiiia,  Toieniii,  and  other  plants.     The 
two  lubes  of  tho  styles  of  these  flowers  fold  together  when  irritated.     Similarly,  in 
the  flowers  of  Hl'jlidium,  a  sudden  upward  movement  of  the  bent  style  occurs 
when  it  is  irritated  by  a  touch  ;  but  the  slyle  tlien  loses  its  sensitivenesa. 
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VI.  RepFoduction 

The  life  of  every  plant  is  of  limited  duration.  Death  ensues, 
sooner  or  later,  and  the  decayed  I'emains  fonu  a  part  of  the  surface 
soil.  All  existing  plants  are  descended  from  ancestral  fomig.  A 
spontaneous  generation  of  new  organisms  from  lifeless  matter  does 
not,  as  far  as  experience  teaches,  take  place,  and  all  existing  vegetable 
life  owes  its  existence  to  tlie  capacity  inherent  in  all  organisms  of 
reproducing  their  kind.  Reproduction  is  accordingly  a  vital  [lower 
which  must  be  exei-ciaed  by  every  existing  plant  species.  In  special 
cases,  it  is  true,  abnormal  forms,  sports  or  monstrosities,  are  produced 
unlike  their  parent  plants ;  but  although  they  grow  vigorously  and 
develop  a  strong  vitality,  they  have  lost  the  capability  of  giving  rise 
to  equally  strong  descendants,  or  are  unable  to  compete  successfully 
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with  wild  plants  in  the  struggle  for  existence,  and  consequently  would 
soon  die  out  were  they  not  protected  and  multiplied  by  artificiai  means. 
A  great  number  of  our  cultivated  plants  belong  to  this  class  of  artifici- 
ally maintained  plant  forms. 

It  is  also  evident  from  the  very  nature  of  reproduction  that  in  the 
production  of  new  organisms  a  process  of  rejuvenation  is  continually 
being  carried  on. 

The  formation  of  independently  existing  offspring  necessitates  also 
their  separation  from  the  parent  plant  The  formation  of  a  new  bud 
by  a  tree  would  never  be  distinguished  aa  reproduction  so  long  as  the 
bud  remained  in  connection  with  the  tree  as  a  part  of  its  life.  But  if 
the  bud  became  separated  from  the  tree  and  continued  iu  existence  aa 
an  independent  plant,  that  would  constitute  a  form  of  reproduction, 
and,  in  fact,  this  actually  takes  place  in  many  plants. 

The  conditions  of  the  outer  world  make  the  still  further  demand 
upon  reproduction,  that  from  it  a  multiplication  of  the  species  should 
result  As  the  germs  after  separation  from  the  mother  plant  do  not 
always  find  the  conditions  necessary  for  their  development  and  so,  for 
the  most  part,  perish,  the  extinction  of  the  whole  species  would  soon  . 
result  if  a  plant  produced  but  a  single  germ.  That  in  reproduction 
care  is  taken  for  the  multiplication  of  the  individual  in  an  almost 
spendthrift  manner,  is  shown  by  a  consideration  of  the  innumerable 
spores  produced  by  a  single  mushroom,  or  by  the  thousands  of  seeds 
contained  in  the  fruit  capsule  of  an  orchid. 

Separation,  rejuvenation,  and  multipucation  of  the  individual 
are  accordingly  the  essential  requisites  of  reproduction. 

These  requirements  are  fulfilled  by  plants  in  the  most  varied 
manner.  Each  great  division  of  the  vegetable  kingdom  has  adopted 
its  own  special  method ;  and  each  family  and  genus,  or  even  the 
UifTerent  species,  are  characterised  by  some  peculiar  feature  of  their 
manner  of  reproduction.  Systematic  botany  is  so  essentially  based 
Upon  the  different  development  of  the  reproductive  organs  and  their 
functions,  that  it  consists  for  the  greater  part  of  special  descriptions  of 
the  processes  of  reproduction  in  the  vegetable  kingdom. 

Numerous  and  varied  as  these  processes  are,  they  are  in  reality 
but  modifications  of  two  dilTerent  and  distinct  modes  of  reproduction. 

The  simpler  of  these,  or  Vegetath^E  Ke PRODUCTION,  consists  in  the 
formation  of  cells  or  cell  bodies  which,  after  their  separation  from  the 
parent  plant  without  undergoing  any  further  change,  either  germinate 
at  once,  or  develop  into  new  organisms  after  a  period  of  rest.  This 
mode  of  reproduction,  in  which  the  growth  and  development  of  the 
parent  plant  ai'e  directly  continued,  is  also  distinguished  as  mono- 
genetic,  VEGETATIVE,  or  A.SEXUAL  reproduction. 

In  Sexual  Eeprodlxtion,  the  second  of  the  two  modes  of  propa- 
gating vegetable  life,  two  kinds  of  reproductive  cells  are  first  formed,  but 
neither  is  directly  capable  of  further  development,  and  both  perish  in 
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a  very  Bhort  time,  unless  opportunity  is  given  for  their  fusion  with 
each  other.  Not  until  one  cell  (the  female)  has  fully  takeD  up  and 
become  inseparably  united  with  the  other  cell  (the  male),  does  it 
ac([uire  the  capacity  of  development  and  growth.  This  mode  of 
reproduction  is  designated  sexual  or  digenetic  reproduction. 

The  physiological  significance  of  sexual  reproduction  is  not  at  once  . 
apparent.  In  many  plants  the  vegetative  mode  of  reproduction  is 
sufficient  to  secure  the  necessary  multiplication  of  the  species,  so  that 
plants  are  able  to  continue  without  sexual  reproduction.  Many 
Fungi,  for  instance,  are  reproduced  only  vegetatively ;  the  cultivated 
Banana,  many  Bioscoremxae,  and  varieties  of  the  Grape,  Orange,  Straw- 
berry, Ti6  longer  reproduce  themselves  sexually,  but  are  propagated 
solely  in  a  vegetative  manner.  The  Garlic,  which  forms  small  bulbs 
in  place  of  flowers,  the  White  Lily,  and  lianuncu/ns  Fiairia,  which 
reproduces  itself  by  root  tubers,  are  hardly  able  to  produce  good  seeds. 
They  multiply  exclusively  by  asexual  methods  without  suffering  any 
degeneration.  Continued  reproduction  by  vegetative  means  used  to 
be  regarded  as  necessarily  injurious. 

Since  monogenetic  reproduction  is  sufficient  for  the  preservation  of 
the  species,  sexual  reproduction  must  answer  some  purpose  not 
attained  by  the  vegetative  mode  of  multiplication,  for  otherwise  it 
would  be  altogether  superfluous  that  the  same  plant,  in  addition  to  the 
vegetative,  should  also  possess  the  sexual  form  of  reproduction,  which 
is  so  much  more  complicated  and  less  certain.  Even  the  Mould 
Fungus  {Mucor  Miiavlo),  whose  vegetative  spores  (conidia)  are  very 
widely  distributed,  occasionally  develops  sexual  reproductive  cells  in 
specially  formed  sexual  organs.  In  many  of  the  lower  plants  (Algae 
and  Fungi)  it  lias  been  shown  that  the  development  of  sexual  cells  is 
dependent  upon  definite  external  influences.  Klebs  has  demonstrated, 
in  fact,  that  It  is  possible  by  regulation  of  the  external  conditions  to 
induce  the  non- cellular  Alga  Vauche)ia  to  produce  at  will  either 
non-sexual  swarm-spores  or  sexual  cells.  In  many  plants  unfavourable 
external  conditions  apparently  give  the  impetus  to  a  sexual  mode 
of  reproduction.  The  sexual  product  (zy^'ospores  of  Algae)  seems 
better  able  than  the  vegetative  germs  (ewarm-spores  of  Algae)  to 
remain  a  long  time  at  rest,  and  so  withstand  the  disastrous  effects  of 
an  unfavourable  environment.  No  inference  can  be  drawn,  however, 
from  the  fimction  of  the  sexual  germs  in  this  instance  concerning  the 
necessity  for  the  existence  of  a  sexual,  in  addition  to  a  vegetative, 
mode  of  reproduction  ;  for  in  other  cases  it  is  the  v^etative  re- 
productive bodies,  as,  for  example,  the  spores  of  Ferns  and  Horsetails, 
which  are  especially  equipped  for  a  period  of  enforced  rest. 

What    makes   digenetic    reproduction     essentially    different    from 

monogenetic  is  tjie  UNIOX  OF  THE  SUBSTANCES  OF  THE  PARENTS  AND 
THE    CONSEQUENT    TRANSMISSION    AND    BLENDING    OF    THE    PATERNAL 

AND  MATERNAL  PKOPKitTiES.     As  Special  care  is  almost  always  taken 


BECT.  11  PHYSIOLOGY  277 

in  Bexual  reproduction  to  ensure  that  the  uniting  cells  have  been 
developed  from  dilfei-ent  individuals  of  the  same  species,  an  equal- 
ising influence  is  exerted  wiiich  tends  to  maintain  the  permanence 
of  the  species  as  a  whole.  Any  accidental  variations  in  tlie  form 
or  properties  of  one  individual  of  a  species  would,  through  crossing 
with  others  normally  developed,  disappear  in  the  descendants,  while 
the  descendants  by  vegetative  reproduction  would  retain  them.  A 
phenomenon  of  not  infrequent  occurrence,  and  one  which  shows,  on 
the  other  hand,  the  persistency  with  which  inherited  attributes  are 
retained  in  sexual  reproduction,  is  the  unexpected  reappearance  in  the 
descendants  of  the  attributes  of  former  generations  (atavi.'^i). 

While,  on  the  one  hand,  sexual  reproduction  tends  to  maintain  the 
unchaiigeability  of  the  form  by  abolishing  isolated  variations,  on  the 
other  hand,  variations  may  be  confirmed  in  the  descendants  when  they 
were  similarly  manifested  by  both  parents.  As  a  result  of  the  union 
between  individuals  of  different  varieties,  or  species,  or  even  of  differ- 
ent genera  (ef.  Hybridisation,  p.  289),  offspring  may  be  produced 
which,  if  not  sterile,  have  a  remarkable  tendency  to  variation  and 
so  to  the  formation  of  new  forms. 

It  is  in  this  influence  exerted  upon  the  quality  that  the  chief 
difference  between  sexual  and  vegetative  reproduction  is  shown.     By 

V>:«ETATIVE  REPRODUCTION  THE  QUANTITATIVK  MULTIPUCATION  OF 
THE  INDIVIDUAL  IS  SKCURKD,  WHILE  DY  SEXUAL  REPRODUfTION  A 
QUALITATIVK  INFLUENCE  IS  EXERTED,  which  is  of  the  greatest  import- 
ance tor  the  continned  existence  of  the  sjwcies.  Sexual  reproduction 
might  therefore  be  spoken  of  as  the  qialitathe  reproduction  of 
the  species,  and  vegetative  reproduction  as  the  Qi"ASTiTATiVE  repro- 
duction of  the  individual.  The  vegetatively  produced  progeny  consist 
of  unmixed  descendants  ;  the  sexually  ])roduced  offspring,  on  the  other 
hand,  are  the  result  of  a  blending  of  the  parents. 

Vegretatlve  Beproductlon 

Vegetative  reproduction,  the  purely  quantitative  character  of 
which  as  a  mere  process  of  multiplication  has  been  emphasised,  exists 
generally  throughout  the  vegetable  kingdom,  and  but  few  plants,  some 
of  the  Conifers  and  Palms,  are  altogether  devoid  of  it  Mention  has 
already  been  made  in  considering  artificial  propagation  (p.  228)  that, 
from  the  separate  parts  or  single  cells,  or  even  from  the  naked 
energides  (Siphonfm)  of  many  plants,  the  regeneration  of  a  new  and 
perfect  individual  may  ensue.  In  vegetative  reproduction  the  process 
is  similar  except  that  the  separation  of  the  part  from  the  parent  plant 
is  an  organic  one,  occurring  in  the  natural  course  of  development. 
The  vegetative  form  of  reproduction  is  manifested  in  various  aspects, 
and  may  be  distinguished  as  a  multiplication  by  means  of  multicellular 
vegetative  bodies  (budding),  or  by  single  cells  (si>ore- format  ion). 
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Hultlpltcatlon  by  Multicellular  Vegetative  Bodies  (Budding) 
often  consists  merely  in  the  separation  of  lateral  ahoots,  or  in  a  division 
of  a  single  plant  into  several.  In  t)iis  way  the  lat«ral  shoots  of  the 
Water  Fem,  Jziilta,  through  the  death  and  disruption  of  the  older 
parts  of  the  parent  axis,  become  separated  from  one  another  and  con- 
tinue their  growth  as  independent  plants ;  similarly,  separate  plants 
originate  from  the  vegetative  body  of  the  Duckweed  (Lemna). 

Multiplication  by  stolons,  rhizomes,  and  tubers  results  in  a  siniilar 
formation  of  inde])endently  existing  plants.  As  may  be  seen  in  the 
Strawberry,  Potato,  Riiniutmlus  repens,  etc.,  the  shoots  produced  from 
many  of  the  axillary  buds  of  the  widely  outstretched  stolons  take 
root  and  form  new  plants.  In  cases  where  the  runners  themselves 
eventually  die,  the  parent  plant  becomes  finally  surrounded  by  a  colony 
of  entirely  independent  plants. 

Instead  of  forming  runners,  the  single  tuber  may  divide  (CorydalU 
solida),  and  in  this  way  give  rise  to  two,  four,  or  more  new  tubers. 
New  bulbs  are  produced  in  the  leaf-axils  of  the  bud-scales  of  bulbs, 
while  brood  buds  (bulbils,  gemmce)  are  frequently  developed  on  aerial 
vegetative  organs. 

Bulbils  are  found  on  tlie  iuSorescence  in  the  place  of  tlie  llowen  in  nisuy  species 
of  AUium,  in  tlie  grass  Poa  bitlbi/tra,  and  aiao  in  Polygonum  vivipamm.  In 
Lilium  TmlbiferKin,  Denlan'a  bulbi/era,  etc.,  tlie  bulbs  in  the  asils  of  tlie  leares 
are  B|)ecially  conatructed  with  a  view  to  detachment  from  the  ]iarent  plant.  The 
swollen  leaves  contain  reserve  food  material,  and  frequently  develop  roots  before 
falling  from  the  plant.  In  Jlanunculti)  Fiairia  tbe  roota  of  the  a.^illaiy  buds  are 
full  of  reserve  food  material,  and  resemble  (trains  of  corn.  Wlien  the  plant  dies  the 
bulbils  remain  on  tbe  ground,  and  have  given  rise  to  the  fable  of  showeii:  of  graiu. 
Bulbils  or  gemmce  are  met  with  also  among  the  Mosses,  Liverworts,  and  Charas. 
The  winter  buds  of  many  water-plants  {Hydrocharit,  Ulricularia,  PutamogfUm 
•■rispus,  Lcmna,  etc.)  have  a  peculiar  biological  significance.  They  are  formed  in 
the  autumn,  and  sink  to  the  bottom  of  the  water ;  in  the  succeeding  spring  tbey 
rise  to  the  surface  and  form  new  plants. 

In  addition  to  the  instances  just  cited,  in  wliich  the  vegetative  reproductive 
bodies  take  their  origin  from  [>ointa  »*liere  lateral  shoots  arc  normally  formed,  they 
mav  also  appear  in  l  laces  where  no  shoots  are  normally  developed.  Thus  the 
adventitious  formatKnt  often  found  on  leaves,  jarticitlarly  on  the  leaf- blades, 
serve  the  pur|M>se  of  reproduction.  Just  as  the  leaves  of  the  Begonia,  after  they 
liate  been  cut  olT  are  able  to  give  rise  to  new  plants,  in  other  cases  the  leaves 
liossess  this  po»eT  while  still  growing  on  the  parent  plant.  Some  Ferns  afford 
specially  characteristic  examples  of  this  (Atphniam  dcetilaatum,  A.  FabianuBt, 
A  bKih  ferun  A  vinparvm);  adventitious  buds  are  ]>roduced  on  their  laminse, 
nhiLli  deielop  into  small  routed  plants,  which  then  fall  of!  and  complete 
their  devdoiment  (Fig.  215).  The  adventitious  buds  of  Cytlopteria  Inttbi/tra 
take  the  tonn  of  bulbils  with  small  swollen  leaves.  Adventitious  plaqtlets  are 
freqiKutly  formed  also  on  the  leaves  of  Cardaiuint  pralrmis,  and  Cardamine  nmara 
nianiJests  b  similar  ttndency.  One  of  the  best  known  c-iam|iles  of  such  adventi- 
tiou-<  f  riiiations  is  alforded  by  the  leaves  of  the  tropical  Bryopkyllvm,  in  whose 
marginal  indentations  tbe  brood  jilantlets  develop  in  great  numbers.  Gemma  are 
abundantlv  i  reduce  ]  on  the  thallus  of  many  Hrpaticae  {Marchantia,  LvHularia), 


PHYSIOLOGY 


and  by  their  continuons  growth  tlie  gemmte  cajisulcs  (Fig.  316,  b)  are  slwayH  key 
veil  filled. 

A  most  remarlcable  inBtance  ofadvontitions  budding  aometimes  occurs,  io  whic 
(,  which  have  Brieen  in  tlie  nuoellus  of  the  ovule,  grow  into  th 


embryo-sac,  and  there  develop  just  as  if  they  were  embryos ;  examples  of  thin 
phenomeuon  may  be  found  in  Evi}iiy>uia,  Citrm,  Fiiikia  (Fig,  216),  Cvekhoyyne. 
Fomierlj'  it  was  thouglit  that  such  a 
poi.v  EM  BRYONY  was  due  to  the  existence 
of  numerous  egg-opUs  in  one  embryo- 
sac  ;  but  more  thorough  investigation 
has  shown,  however,  that  it  arises  from 
the  vfgetative  fomiHtion  of  auvent!- 
Tlni  scEitMS  At  the  name  time  the  egg 
cell  preiionsly  existing  in  the  embrjo- 
sac  u  able  to  continue  its  development 
after  fertilisation,  but  is  usually  pre 
lenled  from  so  doing  by  the  adicutl- 
tious  or  nucelW  embrj  o^  The  seeds  in 
such  cases  would  no  lougercontain  the  pro- 
ducts of  sexual  reproiiuctioti,  but  would  be 
degraded  to  organs  of  vegetative  niulti- 
plication.  The  adventitious  germs  in 
the  polyerobrjonic  seed  are,  however,  so 
far  de]iendeut  upon  sexual  reproduction, 
that  for  the  most  part  they  only  attain  , 
their  development  in  case  fertilisation  lias 
previously  taken  place  ;  but  in  Ctieleba- 
yync,  one  of  tbe  Australian Euphorbiactdc, 
of  wliich  usually  only  female  sjieciraens 
are  found  in  cultivation,  the  advent 
germs  develop  without  the  stimulus  of 

fertilisation.  This  plant,  accordingly,  atTords  another  example  of  Ai 
substitution  of  a  vegetative  for  a  se.xnal  mode  of  reproduction,  sucb  as  occurs  in 
different  degrees  in  certain  Ferns,  AthyriiimfiUxfemiiin  var.  ert'i^ii^uni,  Aspidmm 
fairatum,  Tudea  africana,  and  Plcris  crcfica.    In  the  last-narae<l  example  the  sexual 
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organs  are  no  longer  formed,  altliongli  the  ywung  i>lauts  ariae,  by  a  vegetative  process 
of  budding,  from  exacti}'  tlie  uanie  part  of  tlie  prothalliiim  where  the  archegonia 
would  have  been  develojied.  In  the  case  ot  Aipidiam  Jilix  Jiias  var.  cnalaluin  the 
t[)Dgaiiiy  seetuH  to  have  reuulted  from  cultivation.  In  a  broad  sense  the  develop' 
ment  of  bulbils  in  the  place  of  flowers,  in  the  species  of  Allium,  miglit  be  con- 
sidered as  an  example  of  a)iogHniy. 

Pauthekooenemis,  or  the  develojuuent  of  an  egg-cell  withoat  previous  fertilisa- 
tion, might  also  be  viewed  as  an  instance  of  the  same  phenomenon  in  plants  with  more 
advanced  sexnal  difterciitiation.  In  only  one  case,  Chara  eri«ita,  has  |.iarthenogene.iis 
been  juiiitively  proven.  The  feuiBle  plauts  of  this  species  of  Chara  are  widely 
distributed  throughout  Northern  Eurojie,  and  develop  normal  j)lants  from  their 
egg-celU,  although  the  male  plants  are  found  only  in  Asia  and  in  South  Eurap, 
BO  that  fertilisation  could  not  have  taken  place.  The  cgg-cell  of  Chara  criiiila 
I1A8  thus  lost  its  s]>ecial  sexual  character  without  altering  its  external  appear- 
ance. The  essential  sexual  attribute  of  being  incapable  of  further  development, 
without  fusion  with  a  male  cell,  has  disappeared  ;  it  has  become  a  vegetative  cell. 

Vegretative  Multiplication  by  Single  Cells  (Spope  -  Formation). 

— As  in  the  case  of  multicellular  vegetative  bodies,  multiplication  can 
be  effected  also  througii  tlie  separation  of  single  cells.  Strictly  speak- 
ing, this  manner  of  mnltiplication  actually  lakes  place  whenever  a 
division  of  the  vegetative  body  occurs  in  unicellular  Bacteria,  Fungi, 
and  Algae,  Cells  which  serve  the  purpose  of  vegetative  reproduc- 
*  tion,  and  have  a  special  form  and  method  of  development,  are  first  met 
with  in  the  higher  Cryptogams.  They  are  frequently  formed  in  special 
organs  or  receptacles.  Such  oi^ans,  in  the  case  of  the  Fungi,  are  the 
sporangia  or  conidJophores,  and  the  more  complicated  fructifications  in 
or  on  which  the  spores  are  formed.  Instead  of  spores  with  cell  walls 
many  Algae  develop  swarm-spores,  which  propel  themselves  in  the 
water  by  means  of  cilia,  and  are  thus  enabled  to  seek  out  positions 
favourable  for  germination  {cf.  p.  243).  In  all  higher  Cryptogams 
(Mosses,  Ferns,  E<iiiiselaceae,  etc.)  the  vegetative  reproductive  cells 
are  produced  in  peculiar  multicellular  s])oi'angia,  which  open  spontane- 
ously by  hygroscopic  movements  when  the  spores  have  reached  inaturitj-. 
Among  the  higher  Cryptogams  there  is  not  developed  from  the 
spore  a  daughter  plant  similar  to  the  parent,  but  there  results  an 
entirely  differently  oi^anised  structure,  which,  by  sexual  reproduction, 
produces  a  plant  bearing  spores,  and  similar  to  the  original  form. 

Sexual  Reproduction 

For  the  purpose  of  sexual  reproduction  two  kinds  of  cells,  male 
and  female,  are  produced.  Although  neither  alone  is  capable  of  develop- 
ment, the  actual  reproductive  body  is  formed  by  the  fusion  into  one 
cell  of  two  such  sexually  dift'erentiated  cells.  It  has  already  been 
pointed  out  that  through  such  a  union  of  two  distinct  cells,  qualitative 
changes  may  arise  in  the  resulting  organism,  which  would  not  have 
been  possible  had  it  been  produced  by  merely  vegetative  processes. 


SECT.  II  PHTSIOLOOY  281 

As  it  is  thaa  Deceasary  in  sexual  reproduction  not  only  to  provide 
for  the  production  of  mide  and  female  cells,  but  also  to  ensure  their  union, 
it  becomes  at  once  evident  that,  for  sexual  reproduction,  the  organs 
must  have  a  different  morphological  and  anatomical  structure  than  if 
they  were  designed  solely  for  vegetative  activity.  The  sexual  oi^aus 
accordingly  often  exhibit  a  special  and  peculiar  form,  which  differs 
raaterially  in  appearance  from  the  vegetative  parts  of  a  plant. 

The  Union  of  Sexual  Cells  (Fertilisation). — Leaving  out  of  con- 
sideration the  necessary  external  contrivances  to  that  end,  fertilisation 
is  accomplished  by  means  of  a  chemotactic  or  chemotropic  stimulus 
{pp.  243,  263).  It  is  generally  the  non-motile  egg-cells  or  female 
sexual  organ  which  exert  an  attractive  influence  upon  the  motile 
male  cells  j  as,  for  instance,  in  the  case  of  the  Mosses,  where  the  sper- 
matozoids  are  enticed  within  the  archegonia  by  a  solution  of  cane- 
sugar,  or,  as  in  Ferns,  where  they  are  similarly  stimulated  by  malic 
acid.  When,  however,  there  is  no  diflerence  in  the  external  form  of 
the  male  and  female  cells,  then  both  are  usually  motile,  and  the  attrac- 
tion seems  to  be  exerted  mutually.  This  is  probably  the  case  with 
the  motile  and  externally  similar  sexual  cells  (camktf.s)  of  the  lower 
Cryptogams,  particularly  of  the  Algae  (Fig.  69).  In  the  conjugation  of 
the  Conjugaiae,  however,  although  both  sexual  cells  are  externally  alike, 
one  cell  alone  is  usually  motile,  and  passes  through  the  connecting 
canal  to  the  other;  and  in  the  I'uatceae,  though  the  egg-cells  are 
ejected  from  the  mother  plaftt,  they  have  not  themselves  any  power 
of  movement,  while  the  male  cells  or  spermatozoids,  by  means  of  their 
cilia,  are  capable  of  independent  motion.  This  capacity  of  the  male 
cells  for  independent  movement  is  common  to  most  Algae,  with  the 
exception  of  the  Florideae,  by  which  the  walled  male  cells  are  passively 
conveyed  to  the  female  organ  by  the  water.  Throughout  the  whole 
group  of  the  higher  Cryptogams,  the  male  cells  are  motile  spermato- 
zoids, capable  of  seeking  out  the  non-motile  egg-cells  concealed  within 
the  archegonia.  But  in  the  sexually  differentiated  Fungi  the  male 
sabetance  usually  remains  enclosed  in  special  hyphte  which  press  them- 
selves close  against  the  female  organs,  and,  by  the  perforation  of  the 
iDtervening  cell  wall,  the  fusion  of  their  contents  is  rendered  possible. 
The  fertilisation  of  the  Phanerogams  is  accompanied  by  a  perforation  of 
the  intervening  cell  walls  similar  to  that  which  occurs  in  the  Fungi.  In 
this  case  the  male  cell  is  enclosed  within  the  pollen  grain ;  the  female, 
as  a  naked  egg-cell,  is  included  in  tiie  embryo-sac,  which  in  turn  lies 
in  the  ovule,  and  in  the  Angiosperms  the  ovule  is  again  enclosed  within 
the  ovary.  The  double-walled  pollen  grains  possess  no  independent 
power  of  movement,  but  are  conveyed  to  the  female  sexual  organs 
by  the  assistance  of  external  agencies  (animals,  currents  of  air  or 
water).  The  pollen  grain  then  grows  out  into  a  tube  which  is  acted 
upon  by  chemotropic  (including  hydrotropic  and  aerotropic)  influences, 
and  grows  like  a  fungus-filament  through  the  tissues  of  the  ovary  and 
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ovule  until  it  penetrates  to  the  egg-cell  in  the  embryo-sac ;  whereupon 
the  nuion  of  the  sexual  celJB  is  easily  effected  {Fig.  71). 

To  render  certain  the  accomplishment  of  this  POLLINATION,  or  con- 
veyance of  the  pollen  to  the  female  sexual  organs,  special  and  often 
complicated  contrivances  are  made  use  of  by  the  different  Phanero- 
gams, according  to  the  means  of  conveyance  upon  which  they  are 
dependent. 

Plants  of  which  the  pollen  is  carried  by  wind  are  designated 
Anemophii.ous.  As  this  method  of-  conveyance  depends  upon  the 
chance  of  wind  direction,  an  enormous  amount  of  pollen  characterises 
wind'fertilieed  plants. 

Such  ^QonnDua  quantitJEa  of  pollen  are  ofteL  taken  up  from  pine  forests  by  the 
wind  that  clouda  of  pollen  fill  the  air.  The  surfiice  of  Lake  Constance  in  spring 
ia  so  thickly  covered  with  pollen  tliat  it  is  coloured  yellow  ("  the  lake  blooms," 
it  is  then  said),  and  in  tlie  Norwegian  fiords,  at  a  depth  of  200  fathoms, 
the  pollen  of  Conifera,  according  to  F.  C.  Noi.l,  forms  for  a  time  the  principal 
nourishment  of  the  Rhizoj'od  Snccaminn, 

The  male  flowers  of  such  anemophilous  plants  are  accordingly 
either  freely  exposed  to  the  wind  in  Catkins  {Coniferae,  ATueniactae), 
or  the  versatile  anthers,  as  in  the  Grasses,  depend  from  long,  lightly- 
swaying  filaments.  The  pollen  grains  themselves  do  not  stick  together 
but  escape  from  the  opened  anthers  in  the  form  of  fine  powder.  Tfae 
pollen  grains  of  many  Conifers  are  rendered  extremely  buoyant  and 
easy  of  conveyance  by  the  wind  by  two  sac-like  protrusions  of  the 
exine.  In  some  anemophilous  plants  the  pollen  is  discharged  bv 
the  sudden  extension  of  the  filaments,  previously  rolled  up  in  the 
bud  (Ui-tu-aceiie,  e.f/.  Pilea),  or  by  the  hygroscopic  tension  of  the 
anthers.  The  female  organs  are  also  often  especially  adapted  for 
the  attachment  of  the  pollen  thus  floating  in  the  air.  The  stigmas 
either  spread  out  like  a  brush  {Corylus),  or  are  finely  feathered  or 
provided  with  hairs  (Grasses,  AValnut),  or  drawn  out  into  long  threads 
(Indian  Corn).  In  the  Conifera,  with  freely  exposed  ovules,  the  grains 
of  pollen  are  caught  and  retained  in  a  drop  of  fluid  exuded  from  the 
micropyle,  into  which  they  are  gradually  drawn  as  the  fluid  dries 
up.  In  other  Conifers  whose  ovules  are  concealed  in  the  cona  of  the 
female  inflorescence,  scale-like  formations  catch  the  pollen  and  conduct 
it  to  the  sticky  opening  of  the  young  ovules. 

For  the  fertilisation  of  the  higher  plants,  the  presence  of  water 
is  not  80  essential  as  it  is  for  most  Cryptogams.  Only  a  few  sub- 
merged Phanerogams  make  use  of  the  agency  of  water  for  effecting  their 
pollination,  and  are,  on  that  account,  termed  hydrophilous  plants. 
The  pollen  of  the  submerged  Zoskra  exhibits  certain  peculiarities, 
distinctly  referable  to  the  necessity  of  effecting  fertilisation  under 
water.  It  does  not  form  round  grains,  but  in  their  place  elongated 
thread-like  filaments  devoid  of  an  exine,  which,  ax  they  have  the  same 
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specific  weight  as  the  suiroanding  water,  are  easily  set  in  motion  by 
the  slightest  ctiirents,  and  are  thiia  brought  into  contact  with  the 
stigmas. 

In  the  case  of  the  submerged  water-plants,  Vallisneria,  Elodai, 
and  species  of  Enhalas,  found  in  the  Indian  Ocean,  the  pollination  is 
accomplished  on  the  surface  of  the  water.  Thus,  for  example,  the 
male  flowers  of  Fallimeria,  after  separating  from  the  parent  plant, 
rise  to  the  surface  of  the  water,  where  they  open  and  float  like  little 
boats  to  the  female  flowers,  which,  by  the  elongation  of  their  spirally 
coiled  flower-stalks,  ascend,  at  the  same  time,  to  the  surface  of  the 
water,  only  to  become  again  submerged  after  fertilisation. 

In  the  great  majority  of  Phanerogams  pollination  is  effected  by 
means  of  animals.  By  enticing  in  various  ways  insects,  birds,  or 
sniuls,  plants  are  enabled  not  only  to  utilise  the  transporting  power 
but  also  the  intelligence  of  animals  in  the  service  of  pollen-con- 
reyance.  The  pollination  is  then  no  longer  left  to  chance ;  and  as 
the  transport  of  pollen  to  the  sexual  organs  becomes  more  assured, 
the  necessity  for  its  formation  in  such  enormous  quantities  as  in  ane- 
mophUous  plants  is  obviated.  For  the  most  part,  such  plants  (Fig, 
219)  are  adapted  to  pollination  by  insects  (Entomophily).  For 
tbeir  nourishment,  plants  offer  not  only  the  sugary  sap,  which,  as 
nectar,  ia  excreted  from  different  parU  of  the  flowers,  but  also  the 
pollen  itaelf,  which  furnishes  a  nitrogenous  food  material  and  which, 
together  with  the  honey,  is  kneaded  by  bees  into  bee-bread.  As 
additional  means  of  enticement,  and  to  attract  animals  from  a  distance 
t«  the  nectar  offered  by  the  sexual  organs,  special  perfumes  and 
conspicuous  colours  have  also  been  developed.  The  ATTR.A-CTivE-APr.i- 
RATUS  of  plants  is  generally  formed  by  the  coloured  floral  leaves ;  by 
the  outer  floral  leaves  or  calyx  {Nigelia,  Aeoniium),  or  by  the  perianth 
(Lily,  Tulip),  or  as  an  extra-Soral  show  apparatus,  by  the  hypsophyliary 
leaves  and  parts  of  the  shoot,  which  do  not  belong  strictly  to  the 
flower  (Jslrantia  major,  Rkhardia  nelhiopka,  MeUimpi/rum,  [hderhampia, 
BougainvUka  spedabilii).  The  pollen  of  the  entomophilous,  in  contrast 
to  that  of  the  anemophilous  plants,  is  not  a  dry  powder,  but  its  grains 
are  stuck  together  with  an  oily  mucilaginous  fluid;  in  other  cases, 
they  are  held  together  by  their  rough  outer  surfaces  and  can  only  be 
removed  from  the  anthers  by  animals.  The  structure  of  the  flower  ia 
so  contrived,  as  Christian  Conrad  Sprengkl  first  pointed  out  in 
1793  in  his  famous  work  on  the  structure  and  fertilisation  of  flowei's 
("  Das  entdeckte  Geheimniss  der  Natur  im  Ban  und  in  der  Befniclitung 
der  Blumen  "),  that  the  pollen  grains  must  necessarily  become  attached 
to  certain  parts  of  the  body  of  the  animal  visiting  it  in  search  of  food, 
and  BO  be  conveyed  to  the  sticky  or  hairy  stigma  of  other  flowers. 
The  remarkable  variety  of  means  employed  to  secure  pollination,  and 
the  wonderful  adaptation  shown  by  the  flowers  to  the  form  and  habits 
of  different  insecta,  border  on  the  marvellous.     In  addition  to  the 
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Btimulus  of  hunger,  plants  utilise  the  reproductive  instinct  of  animak 
for  securing  their  pollination.  Not  a  few  plants  (Sta2>elm,  AiidolockUi, 
and  members  of  the  Aracmc),  by  the  unnatural  colour  of  their  flovrera, 
combined  with  a  strong  carrion-like  stench,  induce  carrion-flies  to  visit 
them  and  deposit  their  eggs ;  in  so  doing  they  effect,  at  the  same  time,  the 
,  ;>ollination  of  the  flowers.  In  South  America,  instead  of  insects,  it  is 
the  humming-birda  which  are  especially  active  in  the  conveyance  of 
pollen.  In  addition  to  such  Ornithophilous  Plants  whose  pollination 
is  accomplished  through  the  agency  of  birds  (Marepiiria  nepenllioidei, 
and  different  species  of  Fdj'ia  and  Abuiilon),  pollination  in  some  cases 
is  effected  by  means  of  snails  (Malacophilous  Plants).  To  their 
instrumentality  the  flowers  of  C'llla  palnstris,  Chnjstinp)Fnmm,  and  also  the 
half-buried  flowers  of  the  well-known  Aspiiltsim  owe  their  pollination. 

Self  and  Cross  FertiUsation. — It  has  already  been  pointed  out 
that  it  is  by  sexual  reproduction,  in  contrast  to  the  vegetative  mode 
of  multiplication,  that  qualitative  modifications  are  effected.  Sucb 
qualitative  changes  are  best  attained  when  the  sexual  cells  are  derived 
from  diflerent  individuals  ;  although,  when  they  spring  from  the  same 
individual,  through  the  recurrence  of  ancestral  characteristics  (atavism, 
p.  277),  there  is  always  the  possibility  of  the  appearance  of  descendants 
which  differ  greatly  from  those  produced  vegetatively,  by  the  same 
plant.  By  auch  close  fertilisation,  however,  no  opportunity  is  given 
for  a.  new  blending  with  Others  of  the  same  species.  It  is  an  old 
maxim  founded  on  experience,  that  prolonged  close-breeding  produces 
a  deteriorating  effect,  as  tJie  slightly  injurious  variations,  which  other- 
wise wonid  have  been  equalised  by  cross-breeding,  become  augmented. 
It  is  in  accordance  witli  this  same  principle  that,  in  the  sexual 
reproduction  of  plants,  varied  and  oft«n  complicated  contrivances  sre 
manifested,  which  conduce  to  cross -fertilisation  (union  between 
sexual  cells  of  difi^erent  individuals),  even  when  the  indii-iduals  them- 
selves are  hermaphrodite  and  possess  two  kinds  of  sexual  oi^ns, 
as  in  the  case  of  the  majoritj'  of  Phanerogams. 

As,  howeier,  self-fertilisation  takes  place  also  in  a  small  number 
of  plants,  either  regularly  or  from  necessity,  it  is  evident  that  what- 
ever may  be  the  advantage  derived  from  a  union  of  two  distinct 
individuals,  it  is  no  more  essential  for  sexual  reproduction  than  for 
vegetation  multiplication.  Though  in  consideration  of  the  otherwise 
predominant  tendency  to  cross- fertilisation,  self- fertilisation,  just  as 
apogamy,  appears  to  be  a  retrogression.  Self-pollination,  although 
regularly  occurring,  frequently  fails  to  occasion  self-fertilisation,  w 
often  the  pollen  will  not  develop  pollen-tubes  on  the  stigmas  of  the 
flower  (self-sterile)  bj-  which  it  was  produced,  but  only  on  those  of 
different  flowers  {•'•ifcale  cereale,  ConjdalU  rav<i,  Lobtlia  fiilgens,  J-'erbiiSKiii 
niifnan,  etc.). 

The  aiitiimlhy  between  the  sexual  orgnus  oT  the  Ewnie  flower,  iu  certain  pUnU, 
«i)  greatly  e.Tcceds  the  bounds  of  indifferpuoc  tliat  they  act  u]>on  each  other  « 
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poisons.  Thus,  for  example,  it  ia  knowu  of  certain  Orchids  that  pollination  uith 
their  own  pollen  causes  the  death  of  tlie  flower,  while  in  other  cases  the  pollen  is 
killed  in  a  short  time  hy  the  stigniatic  fluid. 

In  other  instances,  self-fertiliaation  occurs  where  cross-pollination 
either  is  not  effected,  or  else  in  conjunction  with  it  (Wheat,  Barley, 
Canna,  Viola  species,  Linum  usHalissiiiiUDi,  etc.).  By  many  plants,  in 
addition  to  the  large  flowers  adapted  to  insect  pollination,  small, 
inconspicuous  flowers  are  produced  which,  usually  concealed  under- 
ground or  by  the  lower  leaves,  never  open,  and  only  bear  seeds  which 
have  been  produced  by  self-fertilisation.  In  some  plants  the  majority 
of  the  seeds  are  derived  from  such  CLElRTOGAMoua  flowers  {Viola), 
and  sometimes  their  seeds  aloue  are  fruitful  (Pdyairpuin  tftmphyllum 
possesses  only  cleistogamous  flowers).  As  the  greater  number  of  such 
plants,  however,  in  addition  to  the  seeds  of  the  self-fertilised  small 
cleistogamous  flowers,  produce  others  resulting  from  the  cross -fertilisa- 
tion effected  in  the  larger  flowers  (Impalien.i  ndi-Umrfere,  Lainium 
ampUxicauk,  .'^peculariii  perfdiaUi,  etc.),  the  ancestral  plants  of  the 
cleistogamous  generations,  iis  well  as  their  descendants,  have,  at  least, 
the  oppiortunity  for  cross-fertilisation  open  to  them. 

Special  contrivances  for  assuring  the  crossing  of  the  sexual  cells, 
particularly  by  preventing  self-pollination,  are  found  to  exist 
throughout  the  whole  vegetable  kingdom. 

Self-pollination  is  most  effectually  avoided  when  the  plants  are 
unisexual,  that  is  when  both  male  and  female  plants  lead  a  separate 
existence.  Such  DrixciotTs  plants  exist  in  almost  all  classes  of  plants 
from  the  lower  Cryptogams  to  the  most  highly  developed  Phanerogams 
(many  of  the  lower  Algae,  species  of  Fucun,  Marehimlia,  Polt/liickum, 
Eqtiinetaeeae,  Taxiu!,  Hemp,  Hops,  Date-Palm,  etc.).  In  monoicious 
plants  the  male  and  female  organs  occur  on  different  flowers,  but 
the  flowers  are  borne  on  the  same  plants.  The  fertilisation  between 
diSerent  flowers  is  thus  secured;  but  even  here  crossing  with  other 
individuals  is,  for  the  most  part,  assured  by  dichogamy. 

The  term  DlLlfUGAXV  is  used  to  denote  the  fact  tliat  the  male  and  female 
sexual  organs  attain  their  maturity  at  different  times.  When  either  the  male  or 
female  sexual  organ  matures  bel'ore  the  other,  the  self-]>ollination  of  niorphu- 
logically  hermapiirodito  flowers  is  avoided  and  croaaing  assured.  Both  lierma- 
plirodiam  and  moniecisni  are  more  advantageous  than  dia-eisn,  as  all  tim 
plontH  in  such  cases  are  ahle  to  produce  mxds  ;  while  in  dicecioils  plantu  the  male 
flowers  calmot  be  utilised  for  the  direct  production  of  seeds.  Dichogamy  securex 
crossing  in  such  a  simple  manner,  and  is  so  easily  attained  by  hermaphrodite 
plants,  that  it  is  of  very  funeral  occurrence  in  the  vegetable  kingdom.  Accurding 
to  the  priority  of  the  maturity  of  their  sexual   organs,  plants  arc  designated 

PBOTASDBOUa  or  PBOTOHVUol'S. 

Phot  AND  Rv,  the  earlier  maturing  of  the  male  sexual  organs,  is  the  more  (Vei^uent 
form  ofdichoguny.  It  occurs  iu  the  flowers  of  the  Gcriiniiucae,  Caiajiatiuluecae, 
Compotilat,  LoUUaeeae,  UiabtllifCTae,  and  in  Epil<^tiia,  DigitalU,  etc.  of  the  Mat- 
tacea.    The  anthers,  in  this  case,  open  and  discharge  their  jiollen  at  a  time  when  the 


^'.DOglc  . 


ire  still  imperfectlj  developed  snd  not  ready  for  pollinii- 
tion.    Accordingly,  PBOTAHDRors  ploweub  can  oslv 

bE  FERTILISED  BT  THE  POLLEN  OF  YOUKQEB  FLOWEBS. 

In  the  less  frequent  Fbotooyxv  the  female  seinsl 
organs  are  su»cei)tible  to  TertiliBation  before  the  pollfD 
of  the  s&me  flowers  is  ripe  ;  so  that  the  f 


distoi-ertd  l.y  Dai 


OLREB  FLOWEiiB  {AtUlioxanlkvm  odoralum,  iuav/u 
pilosa,  Srnipliularia  nodosa,  Hclteboms,  MagnvHa, 
Pliiiilago  ■aiedia.  Fig.  217). 

A   still   more   complicated   method   of  effecting 

cross-fertilisation,   because   involviiig   also  morpbo- 

logical  and  anatomical  dilTerences  of  structure,  results 

from  Hetkkogtvlv,  or  the  peculiarity  of  Eome  apecio 

of  plants  of  producing  stigmas  and  actliers  wbicb 

vary  in  beigbt  in  dllferent   iudividiiaU  of  the  same 

8i>ccics.     A  good  example  of  heterostyted  Rowers  is 

alTorded  by  the  CliineBe  I'dmroae  (Fig.  218}.    Thin 

plant  has  two  forms  of  flowers,  long-styled  (L)  and 

short-stylvd  (A"),  while  tlie  ]>oaitions  of  the  stigmA 

and  anthers  in  tiie  two  kinds  of  flowers  are  exactly 

HjnoiiB   reversed.      TljF   ^-ollen   graiiis   of   the   short-slyled 

I  duMrl    flowers,  moreover,  are  larger,  and  tlie  stigmatic  jiapillc 

inuliiiK   shorter,  than  in  those  with  the  longer  styles  (p,  F, 

)  hiivp   ^jjj  ^^  y^^     jijp  purpose  of  such  morpliological  and 

anatoniical  differences  existing  between  flowers  of  the 

same   si>ecies  was  first  understood   after  they  were 

s  to  be  a  contrivance  for  cruSB-[Killi nation.     Fertilisation  is 

s  vhen  the  pollination  of  the  stigmas  is  effected  1>y  tlie 


I  (loaers  from  dllTerrait  pUnla.  £,  Ijni^-sljlpl ;  E, 
n ;  f.  poDcn .  (imiiis ;  siid  -V,  Htlgiiiatlc  lujiillir  ot 
liiis  mid  stigiiiuclc  imirillR  ut  the  ahort^t^M  Kmii. 


jKillen  of  anthers  correslKiudingly  situated.     By  such  a  "legitimate"  fertilisation 
more  and  better  seeifa  are  prixlucud  than  by  "illegitimate"  fertilisation,  and  io 
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Boms  cases  (Xinwrnperenne)  legitimate  fertilisation  alone  U  productive.  Legitimate 
fertilisation  ie  rendered  more  certain  by  the  fact  that  insects,  in  visiting  the  flowers 
touch  correspondingly  placed  aexual  organs  with  the  same  iwrtions  of  their  body. 
The  flowers  of  Primroses  have  styles  of  two  ditferent  lengths  (DiMOBrHic  hetero- 
"Tyly)  ;  the  same  peculiarity  is  eiihibited  by  Fubmaaria,  HoUoiiia,  Fagopyrum, 
Linam.  There  are  also  flowers  with  tkimorphiu  HETKR03TYLY{Zy(Arujn  Salicaria, 
and  some  species  of  Oxalit),  in  which  there  are  two  circles  of  stamens  and  three 
variations  in  the  height  of  the  atigmas  and  anthers. 

In  a  great  number  of  flowera  self-pollination  ia  made  mechanically  impossible, 
as  their  own  pollen  ia  prevented  by  the  respective  positions  of  the  aeiual  organ 
from  coming  in  contact  with  the  stigma  (Hercogamv).  In  the  Iris,  for  example, 
ths  anthers  are  sheltered  uuder  the  branched  petaloid  style,  upon  whose  lip-like 
stigma  no  pollen  can  come,  unless  through  the  agency  of  insects.  In  tlie  Orchid- 
of'^e  and  Atclepiadattae  self-polli nation  is  rendered  impossible  both  by  the  nature 
of  the  pollen  masses  and  by  their  position.     A  complicated  form  of  structural  con- 


trivance, by  means  of  which  cross- l>ol1iuati on  is  securi'd,  may  be  seen  in  a  flower 
of  SalHa  jiratensis  (Fig.  219).  The  anthers  of  tliis  flower  are  concealed  iu  tlie 
upper  lip  of  the  corolla,  from  which  the  style,  with  its  hilobed  stigma,  projects. 
When  a  bumble-bee  visits  the  flower  in  search  of  honey,  it  must  first  with  its 
proboscis  push  out  of  Chv  way  the  small  plate  (<],  formed  of  two  sterile  anther 
lialves  grown  together.  These  are  situated  at  the  ends  of  the  short  arms  of  the 
connectives  (e),  which  are  so  elongated  tliat  they  might  easily  he  miNtaken  for  the 
SUmeuts  I/}  of  the  stamens.  The  fertile  anther  halves  arc  situated  at  the  other 
ends  of  the  connectives,  and  so  are  brought  in  contact  with  the  hairy  back  of  the 
liuQible-bee  wheu  it  pushes  against  the  plate  at  thtr  shoil;  ends  of  the  lever-like 
tonnectives.  The  pollen  thus  attached  to  tlie  hue  will  he  brushed  ofl'  its  back  by 
the  forked  stigma  of  tlie  ue\t  flower  it  enters.  Good  examples  of  hercogamous 
flowerH  are  afforded  by  the  Fapilioiuiceae,  by  Kaliiiia,  whose  anthers  are  held  iu 
iwckets  of  the  corolla,  by  Vinca,  AHatvliKhia,  etc. 

Hybridisation. — The  union  of  two  sexual  cclLs  is,  as  a  rule,  oiiij- 
possible  when  they  are  derived  from  closely  allied  plants ;  it  is  only 
then  that  they  exercise  an  attractive  inHuence  upon  each  other  and 
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fuse  together  in  the  act  of  sexual  reproduction.  The  sexual  cells  of 
Mosses  and  Fenis,  apart  from  all  other  consideration  a,  would  not  unit« 
because  the  spermatozoids  of  Mosses  are  attracted  to  the  female 
organs  by  sugar,  while  those  of  the  Ferns  are  only  stimulated  by  malic 
acid.  In  the  case  of  Phanerogams,  a  mixed  union  of  sexual  cells  is 
likewise  prevented  by  various  obstacles  to  pollination  and  fertilisation. 
Occasionally,  however,  the  sexual  cells  of  different  varieties,  sjKM^ies,  or 
even  genera  have  shown  themselves  able  to  unite  and  produce  descend- 
ants capable  of  development.  Such  a  union  is  termed  Hybridisation, 
or  bastard -formation,  and  its  products  hybrids  or  bastards. 

Through  the  demonstration  of  the  possibility  of  hybridisation,  tiie 
sexuality  of  plants,  for  a  long  time  doubted,  was  indisputably  proven. 
(With  this  object  in  view,  hybrids  were  raised  in  great  numbers  by 
KuLREUTER  as  early  as  1761.)  It  also  demonstrated  that  the  real 
purpose  of  sexual  union  was  the  combination  of  the  properties  of  both 
parents,  for  transitional  forms  are  found  among  hybrids  which  in  many 
characteristics  resemble  the  male  and  in  others  the  female  ancestor,  or 
they  may  show  an  equal  combination  of  the  characters  of  both. 
Less  frequently  it  happens  that  the  hybrid  resembles  one  ancestor 
almost  exclusively.  In  such  a  case  the  attributes  of  the  other  ancestor 
remain  latent,  and  may  appear  quite  unexpectedly,  through  atarism, 
in  later  generations.  Had  one  species  simple  leaves  and  the  other 
compound,  their  hybrid  would  have  leaves  more  or  less  cleft ;  or  were 
the  flowers  of  one  parent  species  red  and  those  of  the  other  yellow,  the 
hybrid  frequently  bore  dowers  with  red  and  yellow  markings  (mosaic 
hybrids),  or  which  were  orange-coloured.  If  an  early  blooming  form 
were  crossed  with  a  late  bloomer,  the  hybrid  would  flower  at  a  time 
intermediate  between  the  two.  From  these  and  similar  differences 
shown  by  hybrids,  it  became  clear  that  the  iniierited  characteristics  of 
both  the  male  and  female  cells  were  transmitted  by  sexual  reproduction, 
and  that  the  only  function  of  the  male  fertilising  substance  was  not,  as 
was  at  one  time  believed,  merely  to  give  an  impetus  to  the  development  of 
the  egg-cell.  A  large  number  of  spontaneous  hybrids  have  been  found 
which  have  arisen  naturally  from  plants  with  a  special  capacity  for 
hybridisation.  That  such  natural  hybrids  do  not  oftoner  occur  is  due 
to  the  lack  of  an  opportune  time  or  space  for  their  development,  and 
also  to  the  fact  that  in  the  case  of  pollination  of  flowers  with  different 
kinds  of  pollen,  that  of  their  own  species  seems  always  more  effectual 
ia  effecting  fertilisation. 

The  more  closely  allied  the  parent  pknts,  the  more  readily,  as  a  rule,  any 
hybrids  between  tbvui  be  producod.  Many  families  seem  to  iacline  aaturolly  u> 
hybridisatiou  (Solaiuuxae,  Canjop/i'jUaeme,  Indaccae,  etc.) ;  others  again  devclo|f 
hybrids  only  occasionally  or  not  at  all  (Cruciferae,  Papiliwixacem,  UTticaxae,  Convol- 
vuliuxae,  etc.).  Even  in  the  same  family  the  related  genera  and  species  exhibit 
gK&t  dilfereuues  in  tlie  readiness  vith  which  tliey  may  be  crossed.  The  Grape- 
vine and  also  the  Willow  are  easily  crossed  with  other  species  of  their  own  geous, 
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and  the  same  is  also  true  oT  the  different  species  of  DiaiUkus,  while  the  species 
of  SiUne  cross  with  each  other  only  witb  difficulty.  Species  hybrids  ore  easily 
prodncMl  froni  species  of  Xieotiana,  of  Verbatcam,  and  of  Oeutn ;  od  the  other 
hand,  it  is  very  difficult  to  cross  dilfereot  species  of  Solanum,  Linaria,  or  Pdew- 
lilla.  The  hybridisation,  ■however,  of  nearly  allied  forma  is  often  impossible — ^the 
Apple  witb  the  Pear,  for  instaoce,  although  the  Peach  aad  Almond  may  be  crossed, 
and  also  the  specie!  of  even  the  diO'ereut  genera  Lychnis  and  Sileiie,  Bhododtndron 
and  Azalea,  Ae^topi  and  TTUicuin,  iiach  oecordiug  to  their  "sexual  affinity." 

Derivativk  hybrids  arise  when  hybrids  are  crossed  with  one 
another,  or  with  one  of  the  original  parent  forms.  In  this  way  it. 
has  been  possible  to  unite  six  species  of  Willow  in  one  hybrid,  and  in 
the  case  of  the  Grape-vine  even  more  species  have  been  combined. 
It  is  only  in  rare  cases,  however,  that  the  form  of  the  hybrid  remains 
constant  in  the  succeeding  generations.  These  exhibit  more  frequently 
a  tendency  to  revert  to  one  of  the  original  ancestral  fonna 

In  addition  to  their  inherited  qualities  HYBRIDS  EXHIBIT  NEW 
PECULIARITIES  not  derived  from  their  parent  fonns.      These  are  a 

UODIFIED    FERTILITY,    GREAT    TENDENCY   TO    VARIATION,    and    often    a 

UORE  LUXURIANT  GROWTH.  The  fertility  is  often  so  enfeebled  that 
the  hybrids  are  sterile  and  do  not  reproduce  themselves  sexuaUy. 
This  enfeeblement  of  the  sexuality  increases  the  more  remote  is  the 
relationship  of  the  ancestral  forms.  The  tendency  to  variability  is 
oi^n  greatly  enhanced  in  hybrids,  especially  in  those  arising  from 
the  hybridisation  of  different  varieties  of  the  same  species.  Hybrids, 
particularly  those  from  nearly  related  parents,  produce  more  vigorous 
vegetative  organs,  they  bloom  earlier,  longer,  and  more  profusely  than 
the  uncrossed  plants,  while  at  the  same  time  the  flowers  are  larger, 
more  brilliant,  and  exhibit  a  tendency  to  become  double.  The  luxu- 
riance of  growth  and  tiie  increased  tendency  to  produce  varieties 
displayed  by  the  hybrids  have  made  the  whole  subject  of  hybridisation 
one  of  great  practical  as  well  as  theoretical  importance. 

It  is  doubtful  if  hybrid  forms  can  be  produced  (graft-hybrids)  by  a 
v^tative  union  of  portions  of  two  different  plants  (grafting,  budding). 
It  vhill  seem  very  improbable,  as  in  all  properly  regulated  experiments 
the  vegetatively  united  forms  have  preserved  their  independent  in- 
dividuality (p.  227). 

Alternation  of  Qenerations 

In  the  lower  Cryptogams,  as  well  as  in  the  Phanerogams,  vegeta- 
tive and  sexual  reproduction  may  exist,  either  side  by  side  or 
followjug  one  another  often  in  apparently  irregular  succession.  After 
many  generations  have  been  produced  in  a  vegetative  way,  in  the 
case  of  the  Algae  or  Fungi,  sexual  organs  suddenly  appear ;  but  by 
both  modes  of  reproduction  descendants  of  similar  appearance  are  pro- 
duced. Although  in  this  case  sexually  and  vegetatively  produced 
generations  succeed  each  other,  it  would  not,  strictly  spe^dng,  be 
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considered  as  an  example  of  the  alternation  of  generations.  This 
erpression  faaa  been  restricted  to  cases  where  thERK  is  a  hegular 

ALTERNATION  BETWEEN  A  VEGETATIVE  AND  SEXUAL  GENERATION,  EA<'H 
OF  WHICH  HAS  AN  ENTUiELY  DIFFERENT  ORGANISATION. 

A  Fem-pUnt  produces  ouly  asexual  gjioreB.  By  their  germination,  howerei,  a 
Fern'plant  la  not  produced,  but  in  its  place  a  diminutive  pluitlet,  which  remuna 
witbout  Htem  and  leaves,  without  vascular  bundles,  and  without  any  inttmil 
diSerentiation.  Thia  la  the  pjiothallii'ii,  which  in  turn  produces  sexual  argue 
with  spermatozoida  and  egg-cella,  from  which  a  large  Fcru-pJnat  is  developed  afltt 
fertilisation.  lu  a  similar  manner,  sexual  and  asexual  generatione  alternate  in 
the  Moaaes  and  in  the  Ilydrvplerideit,  Equiirtinae,  Lycopodinae.  In  tha  three 
lost-named,  as  in  the  case  of  the  Ferns,  tlie  protliallia  are  developed  vegetatir«h' 
from  the  spores  of  the  large  plaat,  and  these  again  give  rise  sexually  to  an  Eqviit- 
lum,  a  Lycopodium,  etc.  In  the  EquUelinaf  the  s|)ore8  are  externally  exactly  alitf, 
but  some  gi\'e  rise  to  male,  otiiers  to  female  prothallia.  Iti  the  case  of  the  Hydref- 
teridrae  and  the  heteroaporous  I.ycopodinnf  [SetagineHae,  laotlcae)  the  iimres 
from  which  tho  male  protiiallia  are  derived  arv  smaller  (microspores)  bat  more 
numerous  than  those  which  give  rise  to  the  female  prothallia  (macrospores).  At 
the  same  time,  the  protluilliuni  does  not  in  all  cases  grow  out  of  the  spores  as  au 
independent  plantlet,  but  remains  within  it  and  only  exposes  the  sexual  cella  f« 
purposes  of  fertilisation  ;  so  that  the  male  sexual  ccIIji  are  produced  within  the  nticio- 
sjKtres  and  the  egg-cells  within  Che  maoros[)ures.  Thus,  in  the  higher  Cryplogaius 
the  alternating  sexual  generation,  or  the  one  ])roiiHeing  the  sexual  cells,  remain! 
concealed  within  the  sjwrcs.  In  Phanerogams  (Oymuosperms  and  Angio^pemi^) 
the  sexual  generation  has  undergone  even  greater  reduction.  It  baa  neverthrlps] 
been  determined  that  the  i>ollen  grains  of  the  PhanerogaLns  correspond  b>  tli« 
vegetativcly  produced  microsjiores  of  the  Vascular  Cryptogams,  and  ttiat  in  them 
the  male  sexual  cells  also  arise  through  a  jirocesa  of  division.  Similarly,  tbe 
embryo-sac  of  the  Phanerogams,  in  which,  in  addition  to  the  more  or  less  reduced 
prothallium  (synergids,  auti]>odal  cells),  the  female  sexual  cell  (the  egg-cell)  occurs, 
must  be  regarded  as  (he  equivalent  of  the  asexually  produced  macro3]>ores.  Tbe 
young  plant  (the  eml>ryo),  just  oa  in  Hrln^incUa,  is  also  formed  in  tbe  macro- 
si>ores — tliat  is,  in  the  embryo-sac.     Viewed  in  tliis>way,  it  is  evident  that  ki 

ALTERSATIO-I    OF    (lESKBArillSS    TAKES    PLACE    AU^   IN    Ph.VN-EEOOAMS.       HOF- 

MEiSTEB,  the  discoverer  of  this  most  im|iortant  fact,  drew  most  ingenious  infer- 
ences from  it  concerning  the  genetic  connection  of  the  higher  with  the  lower  plants, 
of  Plianeroganis  with  the  Vascular  Cryptogams. 

In  the  alt«rnatii^  generations  are  clearly  manifested  the  essentW 
functions  of  both  modes  of  propagation — the  quantitative,  in  the  extra- 
ordinary multiplication  by  asexual  reproduction  ;  the  qualitative,  in  the 
sexual  fusion.  For  while  thousands  of  asexual  spores  are  produced 
from  a  single  Fem-kaf,  from  the  prothallium  of  the  sexual  generation 
seldom  more  than  one  new  Fern-plant  arises,  but  that  one  plant  derives 
a  qualitative  value  from  the  cross-fertilisation  necessitated  by  the  dicho- 
gamy of  the  prothallia. 

Just  as  the  Fern-plant  can  occasionally  arise  by  budding  (p.  279) 
directly  from  the  prothallium,  without  the  intervention  of  a  sexual  act, 
the  formation  of  spores  is  also  sometimes  onutted,  and  the  prothallis 
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can  then  spring  directly  from  the  Fern-leaf  (APOSPORY,  in  varieties  of 
Athj^ium  and  Aspidivm). 

The  Dissemination  and  OermlnatiOD  of  Seeds 

If  the  seeds  after  their  separation  from  the  parent  plant  simply  fell 
upon  the  earth,  the  yoang  seedlings  would  he  injuriously  restricted  to 
the  place  already  occupied  by  tlie  parent  plant,  and  would  also  spring 
up  in  such  lai^e  numbers  that  they  would  mutually  exterminate  each 
other.  The  dissemination  of  the  seeds  thus  becomes  a  necessity,  and 
although  a  larger  or  smaller  proportion  perish  in  the  process,  a  small 
number  eventually  find  themselves  iu  a  favourable  environment. 

For  their  dissemination,  seeds  make  use  of  the  same  agencies  us 
are  employed  for  tiie  conveyance  of  pollen.  Thus  their  dispersion  is 
effected  by  means  of  currents  of  air  and  water ;  by  their  forcible  dis- 
chai^e  from  their  receptacles  ;  by  animals ;  and  also  by  their  accidental 
transportation  by  railroads  and  ships. 

To  ensure  the  dispersal  of  seeds  by  the  wind,  all  those  contriv- 


Fio.  220.— Winged  leed  of  Bifitonia  mucnnata.    (SU.  *!» .) 

ances  are  of  use  which  serve  to  increase  their  superficial  area  with  but 
small  augmentation  of  their  weight.  Of  this  nature  are  the  hairy 
appendages  of  seeds  and  fniitwalls,  as  in  Gossyptum,  Epilobium,  Populus, 
^ix,  Typka,  CleTnatis,  and  the  fruits  of  the  C'/mposit'ie  with  their 
pappus,  of  Vdeiiana,  etc.  Compared  with  the  accelerated  fall  in  a 
vacuum,  the  retardation  exerted  by  the  resistance  of  the  air  (by  which 
the  opportunity  for  dispersal  through  the  agency  of  the  wind  is 
enhanced)  in  the  case  of  Cynaria  Scobjmus  is,  in  the  first  second,  as  six 
to  one.  Similar  adaptations  for  utilising  the  agency  of  the  wind  as  a 
means  of  dispersal  are  the  wing-like  appendages  formed  from  the 
expansion  of  the  sepals  (Dipierocafpiis)  or  of  the  ovary  (Acer,  Fraxinus, 
Vlmus,  Polygonum,  RoUnia,  GledUschia,  and  the  fruits  of  many  Umbelli- 
ferae),  or  of  the  seeds  themselves,  as  in  the  winged  seeds  of  tlie 
BiffnoiUaeeae  (and  many  Temstroemiufeae). 

In  a  Sigjumia  seed  (Fig.  220),  with  its  widely  outspread,  glossy 
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wingB,  the  centre  of  gravity  is  bo  disposed  that  the  seed  floats  lightly 
along  through  the  air  in  an  almost  horizontal  course,  and  with  a 
motion  like  that  of  a  butterfly.  The  seeda  of  Zaiuinia,  one  of  the 
CiicmbUdeeae,  are  very  similarly  equipped.  In  the  Lime  the  subtending 
leaf  which  is  attached  to  the  inflorescence  is  retained  to  facilitate  the 
dispersal  of  the  seeds  by  the  wind ;  and  in  the  eeeda  of  the  Fir  the 
winged  appendages  are  derived  from  the  tissue  of  the  placental  scale. 
The  aerial  transportation  of  seeds  and  fruity  winged  only  on  one  aide, 
is  accompanied  by  a  continuous  spirally  twisting  movement  which 
assists  to  retard  their  fall 

The  diminutive  size  of  many  reproductive  bodies,  and  the  propor- 
tionate enlargement  of  their  surface  in  comparison  with  their  volume, 
increase  their  buoyancy.  Microscopically  small  Fungi,  spores,  and 
Bacteria  are  in  consequence  easily  transported  by  the  wind.  In  the 
spores  of  LycopereUm  caeiatum  DiNCLER  found  the  retardation  to  he  as 
1  to  1000,  which,  according  to  Nageli,  could  only  be  theoretically 
explained  by  the  supposition  that  the  retardation  was  intensified  by  a 
thin  layer  of  air  permanently  adhering  to  the  surface  of  the  spores. 

Seeds  and  fruit  are  also  frequently  transported  great  distances  by 
the  agency  of  water.  In  the  case  of  maritime  plants  the  seeds  are 
often  especially  adapted  (water-tight  tissues;  large  air-spaces  Ber\'ing 
as  swimming-bladders,  etc.)  for  transport  by  ocean  currents.  Through 
the  possession  of  such  devices,  the  seeds  of  West  Indian  plants  are 
carried  to  Norway  by  the  Gulf  Stream,  and  the  appearance  of  Cocoa- 
nut  palms  aa  the  firat  vegetation  on  isolated  coral  islands  is  in  like 
manner  due  to  the  adaptation  of  their  fruits  to  transport  by  water. 

Animai^  participate  largely  in  the  dissemination  of  seeds  ;  either 
by  eating  the  agreeably  tasting  and  often  attractively  coloured  fruit,  and 
excreting  the  undigested  seeds,  or  by  their  involuntary  transportation 
of  seeds  and  fruits  which  have  become  in  some  way  attached  to  them. 
This  is  effected  in  many  cases  by  hooks  and  bristles  {Lappa,  Galium 
Aparine,  Bidens,  Eckimspernmm,  Xanthinm,  and  the  fruits  of  Medicago 
minima,  so  common  in  sheep's  wool  and  erroneously  termed  wool- 
lice).  Or  the  seeds  become  attached  to  animals  by  means  of  some 
sticky  substance ;  in  this  way  the  seeds  of  the  Mistletoe,  which  stick 
to  the  beaks  of  birds  eating  the  berries,  finally  adhere  to  the  branches 
of  trees  upon  which  the  birds  wipe  their  bills.  The  widespread 
distribution  of  fresh-water  plants  can  only  be  accounted  for  through 
the  agency  of  aquatic  birds. 

The  natural  distribution  of  plants  has  been  greatly  modified  by 
the  interference  of  man,  especially  in  these  days  of  universal  commercial 
intercourse  by  rail  and  sea.  By  their  instrumentality  not  only  have 
the  useful  plants  been  widely  distributed  over  the  earth,  hut  the  weeds 
have  followed  in  the  same  way ;  and  many  a  seed  thus  accidentally 
carried  to  other  lands  has  finally  found  there  a  new  place  .of  growth. 

The   forcible   discharge   of   spores  and  seeds  is  effected  by  the 
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sudden  liberation  of  hygroscopic  or  tiaaue  tensions.  It  has  already 
been  mentioned  tliat  the  capillitia  oi  the  Myxomycetes  and  the 
elatera  of  the  Liverworts  serve  for  the  disjwrsal  of  the  spores.  In 
the  case  of  the  Box  {Buxus),  the  smooth  seeds  are  forcibly  discharged 
by  the  contraction  of  the  pericarp,  like  a  bean  pressed  between  the 
fingers.  The  dry  fruit  of  Hura  aepilans  bursts  apart  with  a  report 
like  that  of  a  pistol,  and  is  scattered  in  pieces  far  and  wide.  The 
tui^escence  and  elasticity  of  the  cell-walls  give  rise  to  the  tension 
which  results  in  the  forcible  discharge  of  the  sporangia  of  PUobolus,  and 
in  the  ejection  of  the  aacosporea  of  many  A3Comycet«a.  The  bursting 
and  rolling  up  of  the  segments  of  the  seed-vessels  of  Impatiens,  by 
meana  of  which  the  dispersal  of  the  seeds  is  effected,  are  due  to  the 
sudden  release  of  tisstie-tensions.  Similarly,  the  fruits  of  M(/mordiai 
eiuterium  and  EcbalKuvi  dehisce  suddenly  and  eject  the  seeds  with 
considerable  force.  It  is  unnecessary  to  cite  furtlier  examples  ;  those 
already  given  may  be  sufficient  to  call  attention  to  a  few  of  the  different 
means  made  use  of  for  the  dispersal  of  the  reproductive  germs. 

Germination.— The  dry  condition  of  the  seed  and  the  cessation  of 
all  vital  activity  render  the  Testing  germ  extremely  resistant  to  the 
action  of  external  influences,  and  capable  of  mnintaining  Its  vitality 
during  the  coarse  of  its  dissemination,  until  it  is  ultimately  fixed 
in  the  earth.  In  etfecting  their  permanent  lodgment  in  the  soil, 
seeds  are  aided  by  the  various  structural  pecull4RIties  of  their 
SURFACE  (furrows,  bristles,  hairs,  etc.).  The  frulta  of  the  GeraniiKeae 
{Erodium,  Fig.  200)  and  Gramineae  {Slipa,  Avena  skrilis,  and  species  of 
Aristida)  are  enabled,  by  means  of  movements  due  to  hygroscopic 
torsion,  to  bury  themselves  in  the  ground.  In  the  case  of 
Trif (ilium  sidterraneum  and  Arackis  hypogam,  the  same  result  is 
accomplished  by  the  geotropic  growth  of  the  fruit-stalks,  while  the 
seed-capsules  of  Linaria  (ymbahria  are  deposited  in  the  crevices  of 
walls  and  cliffs  by  the  negative  heliotropic  movements  of  the  fruit- 
stalks.  Nuta,  acorna,  and  seeds  buried  by  squirrels  or  other  animals 
in  the  ground  and  forgotten,  or  for  any  reason  not  made  use  of,  often 
germinate.  The  seedlings  of  Mangrove  trees,  lihkophoTa  and 
Brugiiiera,  exhibit  a  most  peculiar  manner  of  growth  to  ensure  their 
lodgment  in  the  ground.  The  seed  germinates  in  the  fruit  before 
it  is  detached  from  the  tree.  When  the  radicle  has  attained  a 
considerable  length,  the  young  seedling,  separating  either  from  the 
cotyledons  or  from  the  fruit-stalk,  falls  to  the  earth  >  it  then  bores 
into  the  mud  and  is  thus  enabled  to  commence  its  growth  without 
delay.  Many  aeeds  and  fruita  acquire  a  more  or  less  voluminous 
Mucilaginous  sheath,  which  serves  a  double  purpose.  Quince  seeds. 
Flax  seeds,  seeds  of  the  Plantain,  of  Crucifers,  the  fruita  of  Salvia 
Horminum,  seed  of  Cupkea  and  Cobaea  (in  the  mucilage  cells  of  which 
delicate  thickening  banda  are  rolled  up),  afford  the  best-known  examples 
of  auch  slimy  envelopes,  which,  in  addition  to  fixing  the  aeed  to  the 
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ground,  serve  to  absorb  water  by  holding  it  in  their  substance 
or  drawing  it  in  hygroscopically  (c/.  Mistletoe  berries),  Fruit-walia, 
by  their  spongy  nature,  may  also  serve  as  water-carriers  (ripe  fruits  of 
Tropaeolum,  Potermm  spinosum,  Metlkago  terebdlam). 

The  germination  of  seeds,  once  securely  lodged  in  the  soil,  may 
begin  immediately  or  after  a  longer  or  shorter  PERIOD  OF  REST. 

The  seeds  of  many  Conifers  do  not  gemiinate  for  several  years.  Some  plants 
again,  in  addition  to  seeds  which  germinate  in  the  firat  year,  produce  others  which 
require  a  longer  rest  {Trifolium praUnie,  Hobinia  Fscvdacacia,  Cytirus  Laburnum, 
Sueda  Mca,  etc.).  Even  under  favourable  circuniEtances  such  seeds  do  not 
germinate  until  a  (leflaite  length  of  time  has  elapsed.  Germination  may  be  de- 
layed also  by  external  conditions,  and  the  vitality  of  the  seed  n^tiy  atill  be  retained 
for  years.  Tims,  for  example,  on  the  removnl  of  a  forest  from  land  that  had  been 
under  cultivation  for  forty-six  years,  Peteu  found  that  a  groat  variety  of  field- 
plants  at  once  sprang  up  as  soon  as  the  rei^uircnients  for  their  germination  were 

Germinatiot],  according  to  the  observations  of  Klbbs,  is  introduced 

by  true  processes  of  growth,  which  result  in  the  rupture  of  the 

SEED-CO VKRiNGS.     This  is  effected  either  by  the  growing  radicle,  or,  in 

many  Monocotyledons,  by  the  cotyledon.  In  other  seeds  enclosed  within 

a  shell,  the  bursting  of  the  shell  through  the  growth  of  the  endosperm 

or  cotyledons  precedes  germination.     Jn  cases  where  the  shell  is  very 

hard  and  does  not  consist  of  two  halves  easily  separable  by  internal 

pressure  (as  in  Cherry-atones),  special  places  are  often  provided  for 

ss  of   the  young   seedling.      At  the  end 

of  a  cocoa-nut,  for  example,  such  points  of  egress, 

behind  the  thinnest  of  which  the  embryo  will  be 

found   emerging  from    the    endosperm,    are   very 

easily  seen      TJirough  the  extremely  hard,  thick 

shell  of  anofher  Cocoa-palm,   Corns  lapidea,  there 

are  three  long  germinal  pores,  while  the  seedling 

of  A'lvcomia  bderocarpa  has  only  to  push  a  loosely 

g  fastened  plug  out  of  the  thick  shell  of  the  seed 

F n  Ml  — se  toll throu  h  ^^'S'    ^^^)-     Similar  contrivances    are    found    in 

the  iipper  p«rt  of  th«  the    case    of    Fandanus,     Canna,     Typha,     Pofumo- 

tmitoCArmBvib>idtm-  gHoii,  and  many  Dicotyledons  {Telmgonia  expanse, 

OtM- p oie^m-tM^  jU^rftVfljo,    and    some    species    of    Orwhryckis    and 

is  piiHhert  out  of  the    PortuloCa).       SEEDLINGS    PENBH'RATE    THE   SOIL  by 

Bhdi  by  the  KtnnLnat-  meaus  of  the  elongation  of  the  primary  root,  or  of 
Bjw™.  (ifterPriTZEit)  ^^  hypocotyl,  or  also,  as  ia  the  case  with  many 
Monocotyledons,  through  the  movements  of  the 
geotropic  cotyledons.  After  the  descending  part  ia  firmly  attached  to 
the  soil,  by  either  root-hairs  or  lateral  roots,  the  upward  growth  com- 
mences. In  this  process  the  cotyledons  may  either  remain  within 
the  seed  or  unfold  above  ground.  The  first  is  often  the  case  where 
the  cotyledons  are  full  of  reserve  material  (Phasedus  midiifioras,  Aes- 
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euijis,  Quereus),  or  where  their  functioa  is  to  abeorb  nourishmeat  from 
the  endosperm  (in  Palms  and  the  scutellum  of  Gmmineae).  More  fre- 
quently the  cotyledons  are  pushed  above  ground,  and  may  then  be 
thick  and  filled  with  reserve  nourishment,  or  thin  and  turning  green 
on  exposure  to  the  light.  In  many  Monocotyledons,  as  also  in  Micinvs, 
etc.,  the  cotyledons,  even  if  they  afterwards  appear  above  ground,  may 
first  take  up  the  nutritive  substances  of  the  endosperm ;  while  in  the 
Conifers  the  cotyledons  perform  the  same  office  above  ground.  The 
COTXLEDONS  ARK  DRAVFN  FROM  THE  SEED  by  the  cuFvature  of  the 
hypocotyl  or  of  the  petioles  of  the  cotyledons  {Sm^ium,  Delphinium). 
The  seed -coverings  also  are  often  further  ruptured  by  the  swelling  of 
the  hypocotyl  (CuciirHla,  etc.).  The  unfolding  of  the  first  leaves 
above  ground  is  frequently  accompanied  by  a  contraction  of  the 
ROOT,  occasioned  by  its  distension  in  a  transverse  direction ;  the  seed- 
ling is  in  consequence  drawn  deeper  into  the  soil,  and  its  position 
rendered  more  secure.  Even  older  plants,  particularly  those  whose 
leaves  form  a  radical  rosette,  notwithstanding  their  upward  growth, 
are  held  close  to  the  ground  through  a  similar  contraction  of  their 

When  its  attachment  in  the  soil  is  properly  provided  for,  and  after 
the  first  germ-leavea  are  unfolded,  the  young  plant  has  acquired  the 
capacity  for  self-sustenance,  its  further  growth  and  development  being 
dependent  upon  its  own  activity. 
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Special  Botany  ia  concerned  with  the  special  morphology  and 
physiology  of  planta.  While  it  is  the  province  of  General  Botany  to 
invealigate  the  structure  and  vital  processes  of  the  whole  vegetable 
kingdom,  it  is  the  task  of  Special  Botany  to  interpret  the  structure 
and  vital  processeB  of  its  separate  divisions.  The  aim  of  General 
Morphology  is  to  determine  the  phylogenetic  derivation  uf  the  external 
and  tnternalsegmentation  of  plants,  and  to  refer  their  numerous  structural 
peculiarities  to  the  primitive  form  from  which  they  have  arisen.  The 
purpose  of  Special  Morphology,  on  the  other  hand,  is  to  trace  the 
development  which  has  been  reached  in  the  different  divisions  of  the 
plant  kingdom,  to  understand  the  form  of  individual  plants,  and  to  trace 
the  connection  between  one  form  ajid  another.  Thus  the  methods  of 
special  morphol<^  are  also  phylogenetic,  and  furnish  the  basis  for  a 
NATURAL  SYSTEM  of  classification  of  the  vegetable  oi^aniams  based 
upon  their  actual  relationships.  Although  such  a  system  must 
necessarily  be  very  imperfect,  as  it  is  not  possible  to  determine,  directly 
and  indisputably,  the  phylogenetic  connection  of  different  plants,  hut 
only  to  derive  indirectly  their  relationships  from  morphological  com- 
parisons, the  aim  which  we  set  before  us  is  none  the  less  both  legitimate 
and  essentially  justifiable. 

Such  a  natural  system,  founded  on  the  actual  relationship  existing 
between  different  plants,  stands  in  direct  opposition  to  the  artificial 
SYSTEM,  to  which  has  never  been  attributed  more  than  a  practical 
value  in  grouping  the  plants  in  such  a  manner  that  they  could 
easily  be  determined  and  classified.  Of  all  the  earlier  artificial 
systems,  the  sexual  system  proposed  by  Carl  Linnaeus  in  the  year 
1735  is  the  only  one  which  need  be  considered. 

LiXNfUS,  in  establishing  his  classification,  utilised  characteristics 
which  referred  exclusively  to  the  sexual  organs,  and  on  this  basis 
distinguished  twenty-four  classes  of  plants.  In  the  last  or  twenty- 
fourth  class  he  included  all  such  plants  as  were  devoid  of  any  visible 
Miual  organs,  and  termed  them  collectively  CRYPTOGAMS.     Of  the 
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Cryptogams  there  were  at  that  time  but  comparatively  few  forms 
known,  aad  the  complicated  methods  of  reproduction  of  this  now  large 
class  were  absolutely  unknow  n.  In  contrast  to  the  Cryptogams,  the 
other  twenty-three  classes  were  distinguished  as  Fhanerogabis  or  plants 
whose  flowers  with  their  sexual  organs  could  be  easily  seen.  DnNjEUS 
divided  the  Phanerogams,  according  to  the  sexual  charact«r  of  their 
flowers,  into  such  as  possessed  hermaphrodit«  flowers  (Classes  I. -XX.), 
and  those  in  which  the  flowers  were  unisexual  (XXI. -XXIII.).  FlanU 
with  hermaphrodite  flowers  he  again  divided  into  three  groups :  those 
with  free  stamens  (I.-XV.),  which  he  further  distinguisbed  according 
to  the  number,  mode  of  insertion,  and  relative  length  of  the  stamens ; 
those  with  stamens  united  with  each  other  (XVI. -XIX.) ;  and  those  in 
which  the  stamens  were  united  with  the  pistil  (XX.),  Each  of  the 
twenty-four  classes  were  similarly  subdivided  into  orders.  While 
some  of  the  classes  and  orders  thus  constituted  represent  naturally 
related  groups,  although  by  the  method  of  their  arrangement  in  the 
artificial  system  they  are  isolated  and  widely  removed  from  their 
proper  position,  they  include,  for  the  most  part,  plants  which  phjrlo- 
genetically  are  very  far  apart. 

LiNNiGUs  himself  (1738)  felt  the  necessity  of  eatablisfaing  natural 
families  in  which  the  plants  should  be  arranged  according  to  their  "re- 
lationships." So  long,  however,  as  the  belief  in  the  immutability  of 
species  prevailed,  the  adoption  of  a  system  of  classification  expressive 
of  relationship  and  family  could  have  no  more  than  a  hypothetical 
meaning,  and  merely  indicated  a  supposed  agreement  between  pknU 
having  similar  external  forms.  A  true  basis  for  a  natural  system  of 
classification  of  organisms  was  first  afforded  by  the  theory  of  evolution. 

The  system  adopted  as  the  basis  of  the  following  description  and 
systematic  arrangement  of  plants  is  the  natural  system  of  Albi- 
ANDER  Braun,  as  modified  and  further  perfected  by  KiCHLER  and 
others. 

According  to  this  system  we  have  to  distinguish  between  Crypto- 
gams as  the  lower  division,  and  Phanerogams  as  the  higher  division 
of  the  plant  kingdom. 


SECTION  I 

CRYPTOGAMS 

The  Cryptogams  include  an  extraordinary  variety  of  the  most  different 
plant  forms,  extending  from  unicellular  organisms  to  plants  exhibitin| 
segmentation  into  stem,  leaf,  and  root.  The  Cryptogams,  however,  are 
collectively  distinguished  from  Phaneiogams  by  the  mode  of  their 
dissemination  by  spores,  in  contrast  to  that  of  the  Phanen^ams,  which 
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is  effected  by  seeps  ;  spores  are  formed  also  b^  Phanerogama,  but 
they  ara  not  the  immediate  cause  of  the  origin  and  development  of  new 
individuals.  Seeds  are  multicellular  bodies,  within  which  is  included 
the  multicellular  rudiment  or  bmbryo  of  a  plant ;  while  spores  which, 
in  the  case  of  the  Cryptogams,  become  separated  from  the  mother  plant, 
and  give  rise  to  a  new  and  independent  organism,  are  unicellular  struc- 
tures. Cryptogams  may  therefore  be  termed  sroiUE  PLANTS  or  Sporo- 
phytes,  and  Phanerogams  seed  plants  or  Spermaphytes ;  although 
uniformity  to  previous  uaf^  and  custom  would  recommend  adherence 
to  the  older  terms. 

The  Cryptogapis  are  divided  into  the  three  following  groups  -. — 

I.  The  Thallophyta,  embracing  a  great  variety  of  plants  whose 
vegetative  portion  may  consist  of  one  or  many  cells  in  the  form  of  a 
more  or  less  branched  thallus. 

II.  The  Bryopryta,  which  include  forms  with  a  leaf-like  thallus, 
as  well  as  cormophytic  forms,  with  evident  segmentation  into  stems 
and  leaves.  The  Bryophytes  possess  no  true  roots,  and  their  conduct- 
ing bundles  are  of  the  simplest  structure. 

III.  The  Pteridophyta,  or  Fern-plants,  exhibit  a  segmentation  into  I 
stems,  leaves,  and  roots,  and  also  possess  true  vascular  bundles.  1 
While  thus  resembling  the  Phanerogams  in  structure,  they  difi'er  from  I  (}J 
them  in  their  mode  of  reproduction,  and  in  their  dissemination  by  \  , 
means  of  spores.  j 

The    Thallophytes   and   Bryophytes   are    also    characterised    as     / 
cellular  plants,  in  contrast  to  the  Pteridophytes  or  Vascular  Crypto-   / 
gams,  which,  together  with  the  Phanerogams,  are  collectively  desig-  / 
nated  vascular  plants.  ( 
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I.  THALLOPHYTA 

The  Thallophytes.  may  be  divided  according  to  their  natural 
relationships  into  the  following  classes  : — 

1.  Myamufceles,  Slime-Fungi.-         6-   Chlmopkijceae,  Green  Algae.* 

2.  Sckizophyta,  Fission-Plants.        7.  Phaec^ki/ceae,  Brown  Algae. 

3.  Diatomeae,  Diatoms.  8.  Mkodophgceae,  Red  Algae. 

4.  Peridineae,  DinoSagellates.         9.   Ckaraceae,  Stoneworts* 

5.  C^/'vjro^  Conjugates^  10.  R^homfjcetes  (Eumycek's),  Fangi., 

Formerly  it  was  customary  to  divide  the  Thallophyta  comprised 
in  these  ten  classes  into  the  two  groups  of  Algae  and  Fungi.  The 
Algae  are  Thallophytes  which  possess  chroraatophores  with  colouring 
pigments,  particularly  chlorophyll ;  they  are,  therefore,  capable  of  assimi- 
lating and  providing  independently  for  their  own  nutrition.  The  Fungi, 
on  the  other  hand,  are  colourless  and  have  a  saprophytic  or  parasitic 
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mode  of  life.  Such  a  method  of  classification,  however,  although 
poseessiog  a  physiological  value,  has  no  jihylogeuetic  sigtiificance,  as 
it  gives  DO  expression  to  the  natural  relationship  of  the  Fungi  to  the 
Algae,  from  which  they  have  been  derived:  Of  the  ten  classes  previously 
enumerated,  the  Schizaphyta,  Peridineof,  and  Rhodcphyeeae  include  both 
assimilating  and  colourless  non- assimilating' form? :  the  Diatonteae, 
Conjtu/atae  Chlvrophycme,  Phaeophycme,  and  t'har<K9ae  contain  exclusively 
assimilating  forms;  the  Myxomycetes  and  Hyphmuycetes,  on  the  con- 
trary, include  exclusively  colourless  and  nftt  independently  assimilating 
forms. 

By  the  term  Algae  in  ita  restricted l  sense  are  understood  only  the 
Thallophytes  represented  in  the  classes  3  to  8 ;  by  Fungi,  only  the 
Hypkomycdes.  To  the  ten  classes  of  the  Thallophytes  m%y  be  added, 
as  Class  II,  the  Lichens  (Lidieiies),  in  which  the  thallus  affords  an  in- 
stance of  a  symbiosis  of  Algae  and  Fungi  (p.  213).  From  a  strictly 
systematic  standpoint,  the  Fungi  and  Algae  composing  the  Lichens 
should  be  classified  separately,  each  in  their  own  class ;  but  the  Lichens, 
among  themselves,  exhibit  such  a  similarity  in  structure  and  mode  of 
life,  that  a  better  conception  of  their  characteristic  peculiarities  is 
obtained  by  their  treatment  as  a  distinct  class. 

As  a  rule  the  Thallo]}hytes  are  distributed  and  multiplied  by 
means  of  asexually  produced  spores,  but  with  a  varying  mode  of  de- 
velopment in  the  different  groups ;  and  also,  although  not  in  all  classes, 
they  exhibit  a  sexual  mode  of  reproduction.  This  reproduction  con- 
sists, in  the  simplest  cases,  in  the  production  of  a  single  eel),  the 
ZYGOSPORE  or  ZYGOTE,  by  the  union  or  conjugation  of  two  simi- 
LAitLY  formed  SEXUAL  CELLS  OR  GAMETES.  In  many  of  the  more 
highly  develojied  forms,  however,  the  .garaates  are  differentiated  as 
small  male  cells  or  SPKRMATOZOIDS,  and  as  larger  female  cells,  the  egg- 
cells  or  oosPHERES.  As  a  result  of  the  fusioti  of  an  egg-cell  and  a 
sjtennatozoid,  an  oospore  is  produced. .  The  first  form  of  sexoat  re- 
production or  fertilisation  is  termed  isoGAUOUS,  the  second  OOGAMOVS; 
but  these  are  connected  by  intermediate  forms.* 


Class  I 

Hyxomycetes  (Slime-Fui^) 

The  Myxomycetes  form  an  independent  group  of  lower  Thallo- 
phytes ;  in  certain  res[)ects  they  occupy  an  intermediate  position 
between  plants  and  animals,  and  have  in  consequence  ako  been  termol 
ilycehzaa  or  Fungus-animals.  They  are  represented  by  nunierotu 
species  (about  50  genera),  and  are  widely  distributed  over  the  irfaole 
earth.     In  their  v^etative  condition  the  Slime-Fungi  consist  of  nabeil  tf 


masses  of  protoplasm,  the  Plasmodia  containiDg  numerous  small  nuclei 
but  utterly 'devoid  of  chlorophyll.  In  consequence  they  are  reduced 
to  a  saprophytic  mode  of  life  upon  dfic&ying  vegetable  remains,  or  as 
paraaitee  they  often  obtain  their  OAurishment  from  living  plants.  The 
Plasmodia  (p.  61)  are  found  most  frequently  in  forests,  upon  soil  rich 
in  humus,  upon  fallen  leaves,  and  in  decaying  wood.  They  creep 
about  on  the  substrata,  changing  their  form  at  the  same  time,  and 
thrust  out  processes  or  pseudopodia,  which  may  in  turn  coalesce. 
Their  movemente  are  regulated  by  the  intensity  of  the  light  and  beat 
to  which  they  are  exposed,  and  by  the  amount  of  moisture  and 
nouriahment  supplied  by  the  substratum.  Although  in  the  vegetative 
condition  the  plasmodia  are  negatively  heliotropic  and  positively 
hydrotropic,  these  characteristics  become  changed  when  the  process  of 
spore-formation  begins.  The  plasmodium  then  creeps  out  from  the 
substratum  towards  the  light  and  air,  and,  after  coming  to  rest,  is  con- 
verted into  single  or  numerous  and  closely  contiguous  fructifications, 
according  to  the  genus.  On  the  periphery  of  each  fructification  an  outer 
envelope  or  peridium  is  formed  ;  while  int^naJly  the  contents  of  the 
fructification  separate  into  spores,  each  of  which  is  provided  with  a 
nucleus,  and  endoatd  by  an  outer  wall.  The  s)A>/es  thus  formed  have 
accordingly  an  asexual  origin.  In  many  genera,  part  of  the  internal 
protoplasm  within  the  SPoranqiuh  or  spore-rece|)tacle  is  utilised  in 
the  formation  of  a  capillitiuh,  consisting  of  isolated,  or  reticulatoly 
united  threads  or  tubes.  Upon  the  maturity  of  the  spores,  the  peri- 
dium of  the  sporangium  becomes  ruptured,  and  the.  spores  are  dis- 
persed by  the  wind.  In  the  case  of  the  genus  Ceraimni/t",  the  process 
is  somewhat  simplified,  as  the  fructification  is  not  .eiiveloj^ed  by  a 
peridium,  and  the  spores  are  produced  at  the  extremities  of  short 
stalks.  Sexual  reproduction  is  entirely  absent  in  the  Myxomy- 
cetes. 

A  good  example  or  the  development  o[  the  pl&smodU  trota  the  Bjnres  ia  afforded 
by  Chondriodcrma diffbrme,  a  Slime-Funguecommonondecayingleavea,  dung,  etc., 
upon  which  it  forms  amoll,  round,  sessile  sporangia.  The  germination  ot  the 
ipoKB  (o,  Fig.  52,  p.  51)  may  be  easily  observed  when  cnltivaWd  in  an  infusion 
of  Cftbbage  leaves  or  other  vegetable  matter.  The  spore-wall  is  ruptured  and  left 
emp^  by  the  escBping  protojdaat.  After  developing  a  flagullum  or  ciLll'Sl  as  an 
organ  of  motion,  the  protoplast  s^ima  about  in  the  water,  being  converted  into  a 
swAUH-sPOKE  (Fig.  52,  e>9),  with  a  ixll  nucleua  in  its  anterior  or  ciliated  end,  and 
a  contractile  vacuole  in  tlie  p09tet)ior  end  of  ita  body.  Eventually  the  cilium 
i>  drawn  in,  and  the  8warm-8pf>re  becomes  transfonned  intn  a  MvXAkKEB* 
(Fungus  auMeba),  which  creeps  sbojut,  and,  while  undergoing  constant  alteration  in 
ita  shape,  at  the  some,  time  it  take^  np  food  material  by  euclosiug  within  its  proto- 
plasmic body  small  particles  of  Uoreign  matter.  The  amciebie  have  also  the 
eapacityof  multiplication  by  d^ifflon.  In  conditions  unfavourable  fortheirdevelop- 
ment  they  Burroond  them'  tea  with  a  wall,  and  as  HIcuocYsTs  ]>ass  into  a 
■state  of  rest  from  wh'''^ri  der  favourable  conditions,  they  again  emerge  as 
^iwann-gporoB,     Ultim'   ^™i^  lomber  of  the  Myxamosbge  approach  close  together 
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(Fig.  52,  /)  and  coalesce,  Tormiag  matil  plssmodia  (Fig.  52,  m),  which  in  tum  fwn 
with  otliera  into  larger  plasmodia  (Fig,  52,  it).  Beth  tlie  smcebe  and  plBimadi4 
ace  nourished  by  tlie  small  food  [articles  taken  up  by  the  protoplasm,  which  alec 
exhibits  actire,  internal,  streaming  raovementB.  After  an  interval  of  a  few  d»y< 
the  plaamodinm  creeps  to  the  surface  of  the  aubstratum  to  the  air  and  light,  and 
passing  into  a  resting  stage  becomes  at  lengtb  converted  into  a  white  epotangiuin 
with  a  double  wall,  consisting  of  an  outer,  calcareous,  brittle  peridiiuu  mod  an 
inner  and  thinner  enveloping  pellicle  which,  in  addition  to  the  nnmeroUB  spans, 
encloses  also  a  poorly  develojied  capillitium. 

The  development  of  the  ot)ier  Myxomycetes  is  accomplished  in  a  similu 
manner.  Very  large  plasmodia,  often  over  a  foot  in  breadth,  of  a  bright  yelloK 
colour  and  creamy  couaistency,  are  formed  by  the  tan-pit  Fungus  Fuligo  mrianj 
{Ailhalivm  atpliewm),  and  as  the  "  flowers  of  tan  "  are  often  found  in  summer  on 
moist  tan  bark.  If  exposed  to  desiccation,  the  [ilasmodia  of  this  Myxomycete  [au 
into  a  resting  state,  and  become  converted  into  Bpherical  or  strand-like  sclekotia, 
from  which  a  Plasmodium  is  again  produced  on  a  further  supply  of  waur. 
Finally,  the  whole  plasmodjiim  becomes  transformed  into  a  dry  cushion  or  cake- 
shaped  fructification  of  a  white,  yellowish,  or  brown  colour.  The  fructification,  in 
this  iastance,  is  enveloped  by  au  outer  calcareous  crust  or  rind,  and  is  subdivided 
by  numerous  internal  septa.  It  encloses  numerous  dark  violet -coloured  iporea, 
and  is  traversed  by  a  filamentous  capillitium,  in  which  are  diap«rsed  irregulariy- 
sba[>ed  vesicles  containing  granules  of  calcium  carbonate.  A  fructification  of 
this  nature,  or  so-called  lethalium,  consists,  therefore,  of  a  number  ol  sporangii 
combined  together,  while  in  most  of  the  Myxomycetes  the  sporangia  are  siraplt 
and  formed  singly. 

The  structure  and  nature  of  the  sporangia  afford  the  most  convenient  mnns  o( 
distinguisliing  the  different  genera.  Tlie  following  species  may  be  mentioned  w 
exhibiting  characteristic  difi'erences  in  the  form  of  their  sporangia. 

Slemoiiilia/uiea  forms  simple,  stalked,  cylindrical  sporangia  (Fig.  222,  A),  whicb 
are  often  found  standing  in  cliiitters  on  dead  leaves,  bark,  etc.  The  stalk  is  pn- 
longed  as  a  columella  through  the 
sporangium,  and  gives  rise  to  a  ddi* 
cate,  reticulate  capillitium,  within 
the  meshea  of  which  lie  the  dark- 
violvt  spores.  The  pefiJium  is  thin 
and  non-i>araistent.  Arcyriapuniea 
)>roduces  its  spherical  B[>orangia  on 
rotten  wood.  Tliey  are  simple, 
stalked,  of  a  reddiah-bromi  colour, 
and  without  a  columella.  At  ma- 
.  turity  the  |>eridium  ruptures  cina- 
larly  and  the  upper  part  Wis  off, 
'whereupon  the  capillitium  attached 
Vo  the  basal  walls  of  the  a]>orangiuii 
i^pnngs  out  suddenly,  and  sets  &ce 
t(he  spores  {Fig.  222,  £}.     Cribrarit 

also     develo[is    its    reddish-       | 
hiwn  sjHirangia  on  rotten  stumps  of 
They  are  niniple  and  stalked,  without  eitllvifcolumella  or  capillitium.    The 
sporangia  oi)en   at   the   to|),  but  the  thickened  jR'-*'inH  of  the  fragile  peridinm       | 
persist  after  its  rupture  in  the  form  of  a  net-work  (tpstribi  C).    Ltoairyia/TagUi*, 
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8  reddish -brown  oval  aporaogia,  may  (rcqueotly  be  fouad  on  moss,  gnsn- 
,   etc.      The   sporangia  are   simple,  and   have   a,  double  peridium  and  a 
reticulate       lilamentoUH 

V^  4HM'        colimiella     (Fig.     224). 

t   species 

■ood     has  ^"'     ^*-  ^~  ^•^"^^'T^*^    fragilit, 

.,^_  (Jruiipaofsponingiau  poo  tfoaa. 

sjior-  ^^^^_  jj^  J 

ingium  with  a  yellowish 

peridium,  which,  after  rupturing,  forms  a  dish'shaped 
receptacle.  The  capilljtium  ia  made  up  of  delicate 
tubes  strengtheLed  1>y  spiral  thickeuinga,  and  haviog 
free  extremities  (Fig.  223). 

A  few  Slime-FuDgi,  termed  collectively  Acratieae, 
exhibit  a  more  simple  mode  of  spore -formation.  The 
spores  on  germination  give  rise  directly  to  amtebffi 
uithoiit  the  previous  development  of  swarm-apores. 
Tiie  ameebie  multiply  by  division,  and  without 
previously  undergoing  fusion  form  ao-called  aggre- 
gate Plasmodia.  In  the  process  of  spore -formation 
each  amieba  of  such  aggregate  plasniodia  surrounds 
itself  with  a  wall    aud    assumes   the    nature    of  a 


Plasmodioplioi 
Mysomycetes,  c. 


Brassicae,  one  of  tlie  few  parasitic 
'S  tuberous  swellings  on  the  lateral 
i  species  of  Braiaica.     Its  plasmodia 
fill  the  cells   of  the   hypertrophied    parenchyma   of 
these  swellings,  a  d  th  sc         n  ually  d     d  ng    n 
¥m    iiS.  —  Trirltlamrla      A      numerous  spOTes,  f       by  th    d        ga    aatl  n    f 

CloseU  and  open  sporanBte    t be  plant.      The    po       g    m  nat    1  k     th  (  th 

(xOji  JI,»llbreot  Uioesiiil-  drivderma,  and  1  My  miEbte  pen  tr  te  tl  oot 
Ulium  <>:2W);  Capore-Cx  of  ^  young  Cabbag  ]  U  t  Th  f  rm  t  n  f  tr 
***'■  siiorangia,    bowe  d  taL     ]1         and  th 

Slime- Fungiia  represents  a  more  simply  organ  scd         un,]  ftspaast 

mode  of  life,  a  degenerate  MyxoTnjcetu. 


Class  II 
Sehizophyta  (Fission-Plants) 

The  Sehizophyta  comprise  only  Thailophyt«s,  having  very  simple 
structure  ;  they  may  be  either  unicellular  or  fikiraeiitoua,  consisting  of 
a  row  of  cells,  or  they  may  assume  the  form  of  cell  colonies.  They  have 
no  sexual  mode  of  reproduction,  and  multiply  only  by  cell  division  or  by 
aaexually-formed  spores.  They  include  two  orders— the  Fission- Algae 
or  Sckkophi/ceae,  and  Ihe  SchKomijeetes  (Fission-Fungi  or  Bacteria).  The 
cells  of  the  Scldzophyceue  contain  an  assimilating  blue-^reen  colour- 
ing matt«c      The  SdiizomycetKS,  on  the  other  hand,  which  are  only 
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exceptionally  provided  with  such  a  pigment,  live  either  paraaiticallj- 
or    saprophytically,    and    may    be    re^irded    as    a    derived    form    of 

Schizopk'jceae. 

Order  1,  Schizopbyceae  (Fission- Algrae) 

The  Fiaeion-Algae  were  formerly  thought  to  show  a  variation  from 
other  Algae  in  the  differentiation  of  their  cells.  It  was  customary  to 
distinguish  within  the  protoplastfl  of  their  walled  cells  an  apparently 
homogeneous  colourless  central-body,  separated  from  the  other  portion 
of  the  cell  contents  by  a  delicate  membrane,  and  possessing  a  greater 
capacity  for  taking  up  stains.  According  to  the  recent  investigations 
of  Hegler,  this  central  body  has,  however,  the  structure  of  a  true 
nucleus,  and  undergoes  indirect  karyokinetic  division.  In  certaiu  of  . 
the  filamentous  forms,  special  cells,  no  longer  capable  of  division,  may 
contain  several  nuclei,  the  number  of  which  is  in  such  cases  the 
result  of  fragmentation.  The  Veil  nucleus  is  surrounded  by  a  coloured 
peripheral  layer.  This  layer  may  be  considered  as  equivalent  to  a 
chromatophore ;  it  contains,  in  addition  to  chlorophyll,  a  blue-green  or 
verdigris-coloured  pigament,  termed  phycocyanin,  to  the  presence  of 
which  this  group  of  the  Sc^izuphyta  owes  iu  name  of  Cyanophyceae 
or  Blue-green  Algae.  There  are  also  found  within  the  cells,  usually 
lodged  in  the  periphery  of  the  chromatophores,  small  granular  bodies 
of  an  unknown  significance,  the  so-called  cyanophycin  grains ;  while 
mucous  globules  are  also  disposed  in  the  vicinity  of  the  nucleus.  In 
addition  to  these,  vacuoles  occasionally  occur  in  the  cells.  The  cell 
walls  consist  of  cellulose,  and  often  exhibit  distinct  stratification,  and 
in  many  species  they  undergo  a  mucilaginous  modification  of  theii-  outer 
layers.  Multiplication  is  effected  in  a  vegetative  manner,  simply  by 
the  division  of  the  whole  contents  of  the  cells  and  by  the  formation  of 
partition  walls.  In  the  case  of  .the  unicellular  forms,  included  col- 
lectively in  the  family  of  the  Ckrooc<icciiM<ie  the  daughter  cells  separate 
after  the  division,  and  become  either  entirely  isolated  or  remain  as 
cell  colonies  in  proximity  with  one  another.  In  the  filamentous  forms 
or  Nostoca^eae,  the  daughter  cells  continue  in  contact  and  form  cell 
rows.  These  cell  filaments  eventually  break  up  into  shorter  segments, 
which  repeat  the  process  of  multiplication  and  segmentation.  It  is 
from  this  mode  of  reproduction  by  the  division  or  fission  of  the  cells. 
that  the  name  Fission- Algae  has  been  derived. 

The  Fission-Algae  represented  by  numerous  species  are  universally 
distributed.  They  occur  as  floating  water  forms,  attached  to  stones 
and  plants,  or  they  form  mucilaginous  or  pubescent  coatings  on  damp 
soil,  moist  rocks,  tree-trunks,  moss,  etc. 

1,  Chru'icoccaixae. — The  simplnt  forms  ot  the  Schi:opliijceae  are  iaclnied  in  tbiij 
family.  The  gonus  Chrooeoccia  consists  solely  of  isolated,  rounded  cells,  nhicb 
are  eurolopcd  by  a  thin  ivall  aud  have  a  lilue-greea  colour.     In  other  ge&ert  cell 
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coloniea  ore  formed  by  the  daughter  cella,  which  reault  from  division,  remaining 
«Dclosed  in  a  common  gelatiaous  envelope,  formed  by  thuiDUcitaginous  degeneration 
of  their  cell  walle.  Thus,  the  foiir-cornered,  tabular  cell  colonies  of  the  geaus 
-Vtritiitoptdia,  often  found  floating  in  the  water,  are  formed  b;  repeated  cell  division, 
which  is  always  in  one  plane  aud  in  two  directians  only.  The  cell  colonies  of 
Glveoeapta,  whose  different  species  form,  for  the  most  part,  olive-green  or  blue- 
green  patches  on  dump  walla  and  rocVs,  present  a  peculiar  appearance,  as  shown  In 
Fig.  225.  The  walk  of  the  cells  are  mucilaginous  and  swollen.  When  a  cell 
divides,  the  wslls  of  the  daughter  cells  also  become  mucilaginous,  while  at  the 
EBine  time  they  remain  enclosed  within  the  walls  of  the  mother  cell.  In  this 
manner,  through  division  in  three  dimensions  of  space,  a  cubical  or  rouuded  colony 
composed  of  2,  4,  8  or  more  cells  is  produced  which  eventually  breaks  up  into 
daughter  colonies. 

2.  XostocaoMe.— The  simplest  forms  of  this  family,  in  which  are  included  the 
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most  highly  developed  qf  the  Fission- Algae,  ore  merely  iilameiitous  rows  of  cells, 
unbranched  and  without  any  distinction  of  base  or  ape:c..  This  is  the  case  in  the 
genus  pacilliti-ia  (Fig.  220),  whoso  single  filaments  arc  motile  aud  exhibit  peculiar 
gliding  movements.  The  tilameats  consist  of  di3c-alia]>ed,  blue-green  cells,  with 
numerous  emall|granules  disiKtsed  in  their  periplieral  protoplasm,  which,  as  a  rule, 
Bpijcara  to  be  especially  occumuhitod  along  the  transvurse  walls  (Fig.  226,  B).  The 
terminal  ccUa  of  the  Ulaments  are  usually  rounded.  By  tlie  rounding  off  aud 
separation  of  any  two  adjoining  cells  the  whole  filament  may  break  up  into  short 
germinal  segment.'!,  termed  hormooosia,  which  then  grow  out  again  into  long 
filaments.  In  sjiecies  in  which  the  .filaments  are  invested  with  thick  sheathiug 
walls,  the  honnogonia  creep  out  of  the  cell  envelope,  leaving  only  tlie  empty 
slieath  remaining.  The  siiecies  of  Oscillaria  are  found  in  tufta,  either  freely  float- 
ing or  growing  upon  damp  soil. 

While  itt  the  case  of  Oicillaria  and  in  several  otlicr  genera  the  cells  are  all 
alike,  many  Ifuitocaccae  not  only  develop  special  cells,  termed  hetbuocists,  which 
soQni  to  be  incapable  of  further  development,  but  also  thick-walled  resting  cells  or    ' 
si'OHEs.    This  ia  the  habit  of  the  genus  ^'osluc,  which  is  found  growing  on  damp 
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miuses,  in  which  are  embedded  the 
Heteroeysts  poorly  suiiplied  with 
at  irregular  iuUrvatB  (Fig.  227,  k)  in.  these  chains  of  cells,  while 
Irom  the  legetative  cells,  richer  in.  contents,  spores 
{sp)  are  produced.  On  germination  these  spores 
give  nae  to  a  new  filament  composed  of  similarly 
united  celU  (Fig.  227,  £,  C). 

In  certain  Kastveaceae  the  cell  lilameDts  are 
characterised  by  false  branching.  This  [laeudo. 
branching  occurs  when  a  cell  of  a  filament  becomea 
bent  outnards  and  is  poahed  upwards  by  the  con- 
tinued division  of  the  lower  cells,  so  that  the 
upper  iwrtion  assumes  the  ap[iearaiice  of  a  lateral 
branch 

Many  Cyanophycene  take  part  with  the 

Fungi  in  the  formation  of  Lichens.     Some 

species    also    are    endophytic    and    inhabit 

cavitieB  in  other  plants.      Thus,  species  of 

.  A'ostpc  are  constantly  found  in  the  tissues 

■  of  vertain  Hepatkiie,  in  Lemna,  and  in  the 

I  roots  of  C'l/cas  and  Guiinera ;  and  similarly 

t  a  species  of  Aiwhaena  occurs  in  AzoUa. 

Especially  interesting  are  the  floating 
forms  of  the  Cyamphgceae,  whicti  rise  in 
quiet  water  to  the  surface,  and  collect  there  in  large  masses.  In 
the  protoplasm  of  the  cells  of  these  species  (e.ff.  GlomiricJia  eckinvlata, 
Anabaena  flos  aquue,  of  fresh-water  lakes)  are  found  numerous  vacuoles, 
which  are  filled  with  gas  and  render  it  possible  for  the  Algae  to  float 
on  the  surface  of  the  water. 


Order  2.  Schizomycetes  (Flsslon-Fungl,  Bacteria) 

The  Fission-Fungi  differ  from  the  Fission-Algae  principally 
through  the  absence  of  an  assimilating  green  pigment  in  their  cells. 
In  them,  too,  no  cell  nucleus  has  as  yet  been  found,  although,  according 
to  IIecgler,  a  cell  nucleus  is  present  in  certain  species  which  he  investi- 
gated. Their  protoplasm  is  colourless  and  always  enclosed  by  thin 
cell  walls.  In  a  condition  of  plasmolysis,  induced  by  means  of  a 
salt  solution,  the  protoplasm  becomes  contracted,  and  shrinks  from  the 
cell  walls,  from  which  it  may  be  concluded  that  within  the  cells  of 
Bacteria  there  is  a  sap  cavity  surrounded  by  a  peripheral  cytoplasmic 
layer.  Like  the  Fission-Algae  the  Fission-Fungi  occur  under  a  great 
variety  of  forms.  The  latter,  however,  areof  a  much  smaller  size,  includ-' 
ing  in  fact  the  smallest  of  known  living  organisms.  The  spherical  cells 
of  Micm-ocna  prodvjiosns,  which  develops  on  cooked  potatoes,  bread, 
milk  and  meat,  and  is  distinguished  by  the  formation  of  a  blood-red 


cj  by  Google 
\ 


SECT.  I  CRYPTOGAMS  309 

pigment,  measure  only  00005  mm.  in  diameter,  while  the  rod-shaped 
cells  of  the  Tubercle  Fangus,  Baciilux  Tubercuiosis,  are  onlyfromO-0015 
mm.  to  0005  mm.  long. 

The  simplest  fonn  of  Fission-Fungi  are  represented  by  minute 
spherical  cells,  Cocci.  Forms  consisting  of  short,  rod-shaped  cells  are 
designuted  BACTERiuti ;  those  of  the  same  shape  but  longer  ara  known 
as  Bacillus,  Simple  cell  filaments  are  termed  Leptothrix  ;  spiral, 
closely-wound  filaments  are  classified  as  Spirillum,  when  more  loosely 
wound  as  Vibrio,  and  longer  spiral  filaments  as  Spirochete.  In  the 
highest  stage  of  their  development  the  Fission-Fungi  consist  of  cell 
filiunenta  exhibiting  false  branching,  as  in  certain  of  the  NoslooKeae. 
As  in  the  Fissioq-AIgae,  but  more  frequently,  the  cell  walls  become 
swollen  and  mucilaginous.  In  this  condition  of  their  development, 
termed  Zooouea,  the  Cocci,  Bacilli,  etc.,  appear  to  be  embedded  in  a 
gelatinous  mass,  as  in  the  Alga  Nostuc. 

While  most  Bacteria  have  only  one  form  throughout  the  whole 
course  of  their  growth,  and  are  accordingly  spoken  of  as  species  of  the 
genera  Micrococcus,  BacUrium,  Badllus,  etc.,  there  are,  on  the  other  hand, 
so-called  pleomorphic  species  which  exhibit  difierences  of  form  cor- 
responding to  diflferent  stages  in  their  life-history. 

Multiplication  of  the  individual  is  accomplished  vegetatively  by 
the  active    division  or  fission   of  the  cells ;  the  preservation  and  dis- 
tributioD  of  the  species  by  the  asexual  formation  of  resting-s pores. 
Bacteria  may  be  divided  into  the  follow- 
ing two  groups,  according  to  their  mode 
of  spore-formation : — 

1.  Akthrosporous  Bacteria,  in 
which  vegetative  cells,  just  as  in  the  case 
of  A'ostoc  {Fig,  227),  simply  become  thick- 
walled  and  converted  into  spores  {cf. 
Leutmodoc,  Fig.  231,  E). 

2.  Endosporous  Bacteria,  in  which 
the  spores  are  formed  within  the  cells  by 
the  contraction  of  the  protoplasm  and  its 
investment  with  a  new  cell  wall  {cf. 
BnciUas  Mbtilis,  Fig.  230,  B). 

■  Many  Bacteria  are  motile.  Their  in- 
dependent  movements    are    due    to    the 

vibration  and  contraction  of  fine  proto-  Fm.  sm.— niin»iijni6(i(i>.  SwamiiiiK 
plasmic  cilia.  These  fla-'ella,  according  to  ™i»  «i"'  i"'"*™'"  A""  dwells. 
A.  Fischer,  are  distributed^over  the  whole  ofimy,  J,  kUctti  hou»:  ji.«fier 
surface  of  the  cells  (t.g.  Bacillus  ^ihtilis,  sj  hoiira,  with  niiiy. developed 
Fig.  338,  and  also  the  Typhus  Bacillus),  J^']*-  '*■»"  *■  ^'"-''"^'  " 
or  they  are  polar,  and  spring  from  a  single 

point.  A  single,  polar  flagellura  occurs  in  Vibrio  cholei'ae ;  a  polar 
■  terminal    tuft    of    flagella  in   Bacleriuv)    lermo ;    a   lateral  polar   toft 
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in  the  ewann-spores  of  Cladothrix.  The  ciliary  tufta  may  become 
BO  closely  intertwiDed  ae  to  present  the  appearance  of  a  single 
thick  flagellnin.  The  cilia, 
although  arising  from  a  pro- 
trusion of  the  cell  protoplasm, 
are  never  drawn  within  the 
body  of  the  cell,  but  undergo 
disBolution  before  the  fonna- 
tion  of  spores  takes  place. 
The  existence  of  such  special 
flagella  has  not  as  yet  been 
demonstrated  in  the  Fission- 
Algae,  so  that,  in  this  respect, 
there  is  a  characteristic  differ- 
ence between  them  and  the 
Fission-Fungi. 

The  Fission  ■  FuDgi  are  reprf ■ 
Heated  hy  numerous  species,  and 
liave  a  world  -  wide  distributioii. 
Altlioiigh  they  present  but  little 
variety  of  eitcrnal  form,  the  sep«- 
rate  and  scarcely  dislinguiBhable 
apeciea  eihibit  numeroue  variatious 
in  their  metabolic  and  ttutritive  pro- 
■  cesses  (cf.  al.'to  pp.  212,  IflT).  A  dis- 
tinction is  also  made  between  sapro- 
phytic and  parnaitic  forms.  To  the 
former  belong  the  moTphologicallj 
most  highly -developed  species,  ut 
which  the  higliest  is  represented  by 
Cladothrix  dichotoma.  This  Fission- 
Fio.  22».— CtafDfftrri  dirholai^a.    Part  at  a  branched    Fungus  is  found  in  stagnant  water, 

rr  ss.SiSrtsr "-" """  •»■•  »"i"« »'  «■•;*  ""S; 

ing,  delicate  filaments  (Fig.  229) 
attached  to  stones  and  Algae,  and  forming  a  slimy  coating  over  them.  The 
filaments  are  composed  of  rod-shaped  cells  enclosed  within  an  outer  filamen- 
tous sheath.  Multiplication  occurs  through  the  separation  from  the  patent 
filament  of  longer  or  shorter  branches,  which  pass  into  a  swarm  stage  and 
eventually  fall  into  still  smaller  rod-like  segments.  These  segments  either  escspe 
from  the  enveloping  sheath  or  are  art  free  by  its  dissolution.  Eight  or  ten  flagella 
spring  from  a  point  on  the  side  of  the  ovUndrical  swarm  segment^  or,  as  theT  sre 
termed,  rod-gonidia.  After  swanniug,  the  rod-gonidia  settle  down,  and  attaching 
themselves  to  a  support  grow  out  into  new  fihimenta. 

There  are  also  always  found  associated  with  CTorfoCiro;' numerous  other  lapro- 
phytio  Bacteria,  Vibriones,  Spirilla,  Cocci,  Zoogltes.  It  is  doubtful  whether  these 
are  all  merely  different  stages  in  the  development  of  Cladolkriz.  This  view  haa 
certainly  not  been  positively  demonstrated  as  yet  by  actual  contintioufl  observation. 
Among  the  most  common  filamentous  Fiasion-Fungi  occurring  in  watar  are  the. 
Sulphur  Bacteria  {c.y.  Beyyiatoa  alb-i),  which  form  small  granules  of  sulphnr  in 
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their  cells  if  aulpburetted  hydrogen  be  preseat  in  their  Euvironnient.  Another 
filamentoiia  FiBsion-Fongu?,  Crenoihrix  Sukniana,  in  tlie  sheaths  of  whose  filaments 
deposits  of  hydrated  ojide  of  iron  are  found,  is  of  frequent  occurrence  in  springs  and 
irat«r-pipe9,  \rhere  it  forms  brown  slimy  masses  and  renders  the  water  unfit  for 
drinking.  Id  both  of  these  last-named  Schizo-nyectes  the  filaments,  unlike  tliose  of 
C'ladolhrix,  are  nnbranched. 

The  majority  of  Bacteria,  like  these  important  water-bacteria,  maintain  a 
saprophytic  mode  of  life.  Their  metabolic  processes  vary  in  correspondence  with 
their  numerous  decomposition  products,  and  are  usually  adapted  to  definite  conditions 
of  nutrition.  Thus  the  Hay  bacillus,  Bacillus  subtilis,  develupa  iu  an  infusion  of 
hay.  The  spores  are  able  to  withstand  the  heat  emplojeil  in  making  the  infusion, 
and  produce  iu  from  12  to  15  liowrs,  on  the  surface  of  the  liquid,  a  gelatinous  pellicle 
consisting  of  closely  corajHCted  parallel  filaments,  liach  filament  is  composed  of 
long  rod-shaped  cells  in  active  process  of  division  (Fig.  230,  A).  After  exhaustion 
of  the  nutrient  substance  of  the  infusion,  an  endogenous  formation  of  spores  takes 


place  within  the  cells  of  the  filaments  (B).  In  germinating,  the  walls  of  the  spores 
become  ruptured  on  one  aide  and  their  elongating  protoplasmic  contents  emerge  as 
rod-shaped  swarm-sporcs  provided  with  numerous  flagella  [Fig,  228),  and  multiply 
farther  by  division. 

Many  saprophytic  Bacteria  are  characterised  by  their  capacity  to  induce  femient. 
ation  and  putrefaction,  and  in  the  operation  of  their  metabolic  processes  are  able  to 
decompose  certain  organic  compounds.  Thus  Lcw^aostoc  mcsenterioides  occasions 
the  mucous  fermentation  of  beet-sugar.  It  forms  gelatinous  masses  resembling 
frog-spawn,  consisting  of  a  number  of  polygonal  colonies  enclosing  rosary-like 
chains  of  cells  within  the  mucilaginous  sheaths  (Fig.  231,  D].  In  its  mode  of 
spore- formation  this  species  of  Fission- Fungus  closely  renembles  the  Fission-Algae 
-Vojioc.  Special  eells  of  the  chain  become  larger  and  transformed  into  arthrospores 
(S).  In  the  process  of  germination  these  -tporea  become  invested  with  a  gelatinous 
sheath  (£),  and  develop  into  thick  but  short  ron-s  or  chains  of  cells  (C).  These  . 
anite  into  colonies,  and  these  again  into  groups  of  colonies,  thus  forming  large 
gelatinous  masses  similar  to  the  original.  The  Vinegar  bacterium,  BiideHum  aecti, 
oxidises  alcohol  into  vinegar  ;  Bacillus  aimjlobaflcr  occasions  the  butyric  fermenta- 
tion ;  BaxUriuiniCTmo  the  putrefaction  of  olhumen,  meat,  etc. 
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Among  Lhe  [ara  t  c  Boct  a  tt  e  a  e  numfrouK  fomiK  which  maj  be  described 
aa  hannlcse,  as  fo  «  ample  Sa  nna  vent  ctili  (Fig.  232,  A),  which  rorma  cubiciil 
masiies  of  cocc  a  the  sto  nach  and  Dt  tinea  of  man  ;  also  the  various  Bacteria, 
Microeoaua,  Spintl  a  d  nt  um  Lrpti^hrix  bweeahs  etc  (Fig  4  p  11),  which 
occur  in  tlic  ca.  ty  f  tl  moutl  Of  dangerous  or  pathogenic  Bacteria  which 
have  b«eu  den  on  at^d  t  b  )  auai  of  nfcLtious  diseases  mention  ma;  here  be 
made  of  the  following;  Bneillvt  Tvbermlosis  the  cause  of  tnberculosiB  (Fig.  232,  C] ; 
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Vibrio  eholerae  aaialicae,  tlie  comma  bacillus  of  Asiatic  cbolpra  (Fig.  232,  D) ; 
SpirodiaeU  Obtrmcieri  (Fig.  232,  B),  found  in  the  blood  of  imtienl*  suffering  from 
intermittent  fever  ;  Bacillus  TifpAi,  the  bacillus  of  typhoid  fever ;  the  pyogenic 
Bacteria,  Stnjttotaeriis  pyogenes  (Fig.  232,  E)  and  Staphylococciu  auTeut ;  StTtpto- 
coccus  Eri/tlpclatis,  occurring  in  the  lymphatic  glands  of  persons  affected  with 
erysi[>e1aB  ;  BaciUve  Anihraeit,  the  BntbrB.f  bacillus,  with  a  mode  of  slKirC' formation 
similar  to  that  of  the  Hay  bacillus. 

EkitMbivm  Leijujninosarttm  [Bacillus  Tadielcola)  lives  in  symbiosis  with  the 
Lcgiiininasac,  and  causes  the  formation  of  their  root -tubercles.  After  multiply- 
ing enoniiously  in  the  cells  of  the  root-tuberck-s,  tliu  Bacteria  eventually  undergo 
tranaformation  into  bacterioids  (see  p,  211). 


Class  III 
Diatomeae  (Diatoms) 

The  JHalojiieae  constitute  a  large  class  of  unicellular  Algae, 
including  about  1500  species.  They  usually  occur  associated  together 
in  large  numbers,  in  both  fresh  and  salt  water,  and  alss.  on  damp 
soil.  \ 

The  individual  cells  or  FRUSTULES  are  either  solitary  and  free- 
swimming,  or  they  are  attached  by  means  of  gelatinous  stalks,  excreted 
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by  the  cells  tliemselvea.  Sometimes  these  chains  remain  connected 
and  form  bands  or  £ig?:ag  chains,  or,  on  the  other  liand,  they  are 
attached  and  enclosed  in  gelatinous  tubes,  while  in  the  case  of  the 
marine  genua  Sdikouema  tliey  lie  embedded  in  large  numbers  in  a 
gelatinous  branching  thallus,  often  over  1  dcm.  in  breadth.  The  cells 
also  display  a  great  diversity  of  shape ;  while  generally  bilaterally 
symmetrical,  they  may  be  circular  or  elliptical,  rod-  or  wedge-shaped, 
curved  or  straight.  The  structure  of  their  cell  walls  is  especially 
characteristic;  it  is  composed  of  two  halves  or  valves,  one  of  which  over- 
laps the  other  like  the  lid  of  a  box  (Fig.  3,  B,  p.  II).  The  cells  thus 
present  two  altogether  different  views,  according  to  the  position  in  which 
they  are  observed,  whether  from  the  GIRDLE  (Fig,  3,  B)  or  valve-SIDE 
(Fig.  3,  A).  Both  valves  are  so  strongly  impregnated  with  silica,  that, 
even  when  subjected  to  intense  heat,  they  remain  as  a  siliceous  skeleton, 
retaining  the  original  form  and  markings  of  the  cell  walls.  The  walls 
of  the  cells,  particularly  on  the  valve  side,  are  often  ornamented  with 
numerous  fine,  transverse  markings  or  ribs,  and  also  with  small 
protuberances  and  cavities.  In  many  instances  (Fig.  3)  a  longitudinal 
line  corresponding  to  an  opening  in  the  cell  wails,  and  exhibiting 
swollen  nodules  at  both  extremities  and  in  the  middle,  is  distinguish- 
able in  the  surface  of  the  valves.  Forms  provided  with  such  a  median 
suture  or  RAPHE  are  characterised  by  peculiar  backward- creeping 
movements,  resulting  from  the  extrusion  of  protoplasmic  protrusions  " 
from  their  longitudinal  edges.  Each  frustuie  has  always  a  central 
nucleus  and  one  (Fig.  3)  or  two  lai^e  or  numerous  smaller  (Fig, 
333,  D)  chromatophores  embedded  in  its  parietal  protoplasm.  These 
chromatophorea  or  endochrome  plates,  as  they  are  often  called, 
are  flat,  frequently  lobed,  and  of  a  brownish -yellow  colour.  In 
addition  to  chlorophyll  they  contain  a  golden  brown  colouring  matter, 
termed  DIATOHIN.  Globules  of  a  fatty  oil  are  also  included  in 
the  cell  contents,  and  take  the  place  of  starch  as  an  assimilation 
product 

The  Dialomeae  multiply  vegetativeiy  by  bipartition,  which  always 
takes  place  in  one  direction.  In  this  process  the  two  valves  are  first 
pushed  apart  from  one  another  by  the  increasing  protoplasmic  contents 
of  the  mother  cell,  which  then  divides  longitudinally  and  always  in 
such  a  direction  that  each  of  the  two  new  cells  retains  one  valve  of  the 
original  frustuie.  After  the  division  of  the  protoplasm  of  the  mother 
cell  is  accomplished,  each  daughter  cell  forms,  on  its  naked  side,  a 
new  valve  fitting  into  the  old  one.  The  two  valves  of  a  cell  are 
therefore  of  different  ages.  In  consequence  of  this  peculiar  manner  of 
division,  as  the  walls  of  the  cells  are  silicified  and  incapable  of  dis- 
tension, the  daughter  cells  become  successively  smaller  and  smaller, 
until  finally,  after  becoming  reduced  to  a  definite  minimum  size,  they 
undergo  transformation  into  auxospores.  The  auxosporea  are  usually 
two  or  three  times  larger  than  the  frustules  from  which  they  arise, 
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and  by  their  further  development  they  re-establish  the  original  size 

of  the  cells. 


Tbc  fonnatioD  of  auxospores  ia  acco 
Melosim,  a  free-swimining  geuus  whoe 
single  cells  simply  swell  grently  in  size. 


plished  in  various  ways.  In  the  case  of 
cplls  are  joined  tt^ether  in  chains,  tlie 
!  two  new  valves  (Fig.  233,  fJ). 
An  altogether  different  mode  of  spore, 
rormation  is  exhibited  by  the  isolated, 
unattached  cells  of  Gxvonema  tmitco- 
la/Ilia  (Fig.  233,  B).  In  this  instance, 
two  cells  place  themselves  together  side 
by  aide,  and  throwing  olT  their  valves, 
surround  themEelves  witli  an  envelop- 
ing gelatinous  mass.  Each  naked 
protoplast,  without,  however,  under- 
going eoDJugation,  is  then  traDsfonne<l 
into  a  single   large  auioapore     which 
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cells,  nhicb  then,  tusing  t 
with  the  correaponding  daughter  cells  of  the  other  frustule,  give  rise  to  two  auxo- 
spores.     The  auxospores  do  not  pass  througb  a  period  of  rest,  but  begin  at  once  to 
multiply  by  division. 

Countless  numbers  of  Diatoms  live  in  the  ocean,  and  they  constitute  also  b  pro- 
portionately large  ]iart  of  the  PLANKTON,  that  is,  the  free-swimming  organic  world 
on  the  surface  of  the  sea.  The  plankton  Diatoms  have  no  middle  suture  or  raphe 
on  the  surface  of  their  valves,  and  are  especially  adapted  to  swimming  or  floating. 
To  this  end  tbey  are  often  provided  with  horn-like  protuberances  or  membranous 
wings,  which,  like  the  contrivances  of  seeds  for  a  similar  purpose,  greatly  enhance 
their  buoyancy. 

Diatoms  occur  also  as  fossils.  Their  silicified  valves  form  a  large  jiart  of  the 
deposits  of  SiLiOEors  Earth,  Kieselgiihr,  mountain  meal,  etc.,  and  in  this  form- 
they  are  utilised  in  the  manufacture  of  dynamite. 

On  account  of  the  estreme  fineness  of  the  markings  of  tbuir  valves,  it  is  cus- 
tomary to  employ  certain  species  of  Diatoms  as  test  objects  for  trj'ing  the  lenses  of 
microscopes.  Phurvni'jnia  angnlalum  is  commonly  used  for  this  pur]Kise,  and,  witli 
a  sufficiently  strong  lens,  it  is  i>0Bsihle  to  distinguish  on  the  surface  of  the  S-shaped 
valves  a  system  of  fine  markings,  forming  a  network  of  six-sided  meshes  to  the 
right  and  left  of  the  raphe. 
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Peridineae 


The  Peridineae  or  Diiwftagdlala  were  fomierlj  cliuscd  wjtli  tlie  lowest  Btumala, 
but  are,  in  reality,  unicffllulw  Thallophytes.     They  live  for  the  most  part  in  salt 
nater,  and  foriD,  together  vith  the  DUUnm'-iie,  an  important  part  of  the  planlcton 
floating  on  the  surface  of  the  ocRan,      Their  cell  plasma  coQtiiiiH  a  micleiia,  a  com- 
plicated syatora  of  vacuolen,  and  light  yellow,  tabular  chromatophores.     The  pres- 
enut  of  these  chromatophores  in  the  Pfridineae  has,  in  particular,  been  considered 
indicative  of  their  vegetable  natnre.     The  Peridineae 
are  further  characterised  by  two  long  protoplasmic 
cilia  or  flagella,  to  the  vibrationa  of  which  the  move- 
ments of  the  cells  are  due.     The  llagella  spring  from 
the  ventral  side  of  the  cells,  and  lie  in  two  furrows, 
which   crofla   each   other  at  right   angles,   on   their 
surface  (Fig.  234).     Only  a  few  Periiliaeae  are  entirely 
naked  ;  moat  of  them  have  peculiarly  sculptured  cell 
walls,   consisting  of  intersecting   cellulose  plates  or 
ribs.     They  multiply  by  division,  and  in  the  autumn 
form   thick  -  walled  cysts,   in  which  condition   they 
pasa  the  winter.     Conjugation  has  not  been  observed. 

In  addition  to  the  forms  which,  like  Algae,  sus- 
tain  themselves   by   means  of  assimilating    yellow 

chromatophores,    there    occur    also    colourless   Pen-    ^'"'^'^J^'^f^^"^^''  J'^' 
dineae,   whoss  chromatophores  are  only  represented         „  7501 
by  colourless   leucophuts.      Such  species,   although 

nearly  related  to  the  brown  Peridineae,  livp  either  as  saprophytes  or  in  the  same 
way  as  animals.  Gymnodinium  kyalinuia,  a  colourless,  naked,  fresh-water  form, 
exhiUts  a  mode  of  life  resembling  that  of  a  ilyxomycete.  For  the  purpose  of 
absorbing  nourishment  it  loses  its  eilia  and  assumes  the  form  of  an  amceba  ;  in 
this  condition  it  encloses  and  d'grsts  small  Algae. 


Conjugratae 

In  the  class  of  the  CoujugaUw  ia  included  a  large  independent 
groups  of  green,  freah-water  Algae,  comprising  over  1000  species,  in 
the  form  either  of  solitary  cells  or  filamentous  rows  of  cells.  They 
derivfe  their  name  from  their  peculiar  mode  of  sexual  reproduction, 
whtcli  consists  in  the  conjugation  of  two  apjarently  similar  cells, 
resnlttng  in  the  formation  of  a  ZYGohpobe.  Thoy  are  in  this  respect 
sharply  distinguished  from  all  the  other  green  Algae,  the  Chlompkijceue, 
from  which  they  may  be  distinguished  also  by  the  absence  of  any 
asexi  al  mode  of  spore-formation,  and  by  the  complicated  structure  q^ 
tbeir  green  chromatophores. 
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1.  Zygnemaceak — In  this  family,  all  of  which  are  filamentous  in 
character,  the  genus  Spiroijiini,  with  its  immeroua  species,  is  the  best 
known.  It  is  commonly  found  in  standing  water  forming  unattached 
masses  of  intertangled  green  filaments.  The  filaments  exhibit  no  dis- 
tinction of  base  and  apex,  and  are  composed  of 
simple  rows  of  cells,  which  vary  in  length  in 
different  species.  Growth  results  from  the,  divi- 
sion and  elongation  of  the  cells  in  one  direction 
only  {cf.  Fig.  65,  p.  64).  Each  cell  has  a  large 
nucleus  situated  either  in  the  peripheral  proto- 
plasm or  suspended  in  the  centre  of  the  cell  by 
protoplasmic  threads  extending  from  the  parietal 
protoplasm.  The"  name  of  the  genus,  Spirogyra, 
is  due  to  the  peculiar  spiral  form  of  its  green 
band-like  chromatophores.  These  spiral  bands  Ue 
in  the  parietal  protoplasm,  and  contain  numerous 
pyrenoida  (p.  71),  In  Fig.  235  is  represented  a 
species  with  three  such  spiral  chromatophores ;  in 
other    species  their 

number     is     some-  j  \-A^ 

times  less,  some- 
times more.  The 
chromatophores  in 
the  other  genera  of 
the  ZiigneJimceur  ex- 
hibit a  variety  of 
form  ;  thus,  in  the 
filaments  of  Z^g- 
Tiema  the  chromato- 
phores are  star- 
shaped. 
""■flu^trS^'i.i™^^".'       Conjugation,  in  \^, 

t,  nucleii*;  c*.  chro-  the  case  of  S^iniflyra, 
™'"i'''™"i  1^   "*""■"  is  preceded  by  the 
development  of  con- 
verging lateral  processes  from  the  cells  *idH/ 
of  adjacent  filaments.     When  two  pro-  Hw' 
cesses   from   opposite  cells   meet  (Fig.  R    | 
236,  ^),  their  walls  become  absorbed  at  '  ,„^„ 
the    point  of    contact,   and    the   whole   ""^.^t^:?;  S»  "T»"1'^" 
protoplasmic  contents  of  one  cell,  after       (>;  iw);  j. i>-jw»po'n'- 
contracting  from   the  cell    wall,  passes  ' 
through  the  canal  which  is  thus  formed  into  the  opposite  ceil. '    "^^ 
protoplasm    and    nuclei    of     the    conjugating    protoplasts    then    '"^ , 
together  and  form  a  zygospore  invested  with  a  thick  wall,  and  *"'*" 
with  fatty  snbstances  and  reddish-brown  mucous  globules.     It    '*  "^^ 
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functtOD  of  the  zygospore  to  act  as  a  resting-apore,  to  tide  over  the 
winter  or  a  period  of  drought,  and  eventually,  on  germination,  to  give 
rise  w  a  new  filament  of  Sptrogyra.  This  form  of  conjugation,  which 
is  tbe  one  peculiar  to  most  species,  is  described  as  scalariform  (Fig. 
235,  A),  as  distinct  from  the  lateral  conjugation  of  some  species,  in 
nhjch  two  adjacent  cells  of  the  same  filament  conjugate  by  the 
d^Telopment  of  coalescing  processes,  which  aie  formed  near  theii'  trans- 
verse wall  (Fig.  236,  B). 

2.  ME^ioCABPACEAE. — The  represeoUtivvs  uf  this  funiily  are  also  composed  ot 
£limenioua  rows  of  cells,  but  exhibit  a  ditfereuce  io  their  mode  of  conjugatioD. 
In  Ibis  case,  in  the  process  of  coi^ugatioo,  which  ia  either  acaUriform  or  lateral, 
oolji  portioD  of  tbe  protoplasm  of  both  conjugating  protoplusta,  together  with 
their  nuclei  and  a  greater  piirt  of  their  chromatophortti,  passes  iuto  the  counectiDg 

•  cinil,  snd  there,  fusing  into  a  zygospore,  becomes  separated  from  the  parent  cells 
^  transverse  walls. 

3.  In  the  Desmibiaceae,  the  third  family  of  the  Conjugatae,  are  comprised  the 


uaicellulaj-  forms.  They  are  ornamented  with  delicate  markings,  and,  like  the 
Djatums,  exhibit  a  great  variety  of  form  (Figs.  237,  '£iZ).  Their  cells  are  composed 
of  two  symmetrical  halves,  separated,  as  a,  rule,  Irom  each  other  by  a  deep 
rnnstriction,  tbe  isthmus.  Bach  half  contains  a  large,  radiate,  irregularly 
defined  chromatophore,  or  a  number  of  plaW-like  chromatophores  united  iuto 
one.  Within  the  chromatophores  are  disposed  several  pyrenoids,  while  the 
nucleus  lies  in  tbe  centre  of  the  cell  in  the  constriction.  Tbe  cells  themselves 
ilispUy  a  great  diversity  of  form  and  external  eontiguratiou  (Figs.  237,  '23%).  The 
<^ll  walls  am  frequently  beset  with  wart-  or  horn-like  protuberances.  In  some 
l^aera  there  is  no  constriction  between  the  two  halves  of  the  cell.  This  is  the 
case,  for  instBUce,  in  the  crescent- shaped  CloitcTiuia  mi/iiili/crum  (Fig.  238],  whose 
two  chromatophores  consist  of  six  elongated  plates,  united  in  the  long  axis  of  the 
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plant,  wliile  in  eacli  vnd  of  tJie  cell  there  is  a  siuall  vacuole  containiDg  minute 
crystals  of  gypsum  in  constant  motion.  Man;  Desmids  are  cbaracteiised  by 
heliotactic  morements ;  they  protrude  fine  mucilaginous  threads  through  tbf  nil 
walla,  hy  means  of  which  they  aau  push  themselves  along,  and  take  up  a  positian 
in  e,  line  with  the  direction  of  the  incident  rays  of  light. 

Multiplication  ia  effected  by  ceU  division.  This  is  accomplished  by  the  rormi- 
tioD  of  a  partitioQ  wall  across  the  middle  of  the  cell  alter  the  DDcleai  dirision  ia 
completed.  ICach  daughter  cell  eventually  attains  the  size  and  fonn  of  the  motlici 
cell,  by  the  outgrowth  of  a  new  half  on  the  side  tiiwards  the  new  diviEion  wall  (Fig. 
237,  A).  After  the  completion  of  their  growth,  the  two  cells  separate  from  eicb 
other. 

The  conjugation  of  the  protoplasts  takes  place,  in  the  case  oF  the  Dumidiaaat, 
outside  their  cell  walla.  Two  cells  approach  each  other,  and  surround  them- 
selves with  a  mucilaginous  envelope.  Their  cell  walla  rupture  at  the  cons&iotion, 
and  iiorting  in  half  allow  the  protoplasts  to  escape,  which  then  unite  to  fonai 
zygospore.  The  zygoaporca  of  the  Detmidiaceas  frequently  present  a  very  character' 
istic  ap{>earance,  as  their  walls  are  often  beset  with  apiues  (Fig.  237,  C).  Tb«  four 
empty  cell  halves  may  be  seen  close  to  the  spore. 


Chlorophyceae  (Green  Algae) 

In  the  CUorophyceae  are  included  the  majority  of  the  Algae  pro- 
vided with  green  chromatopfaores.  They  group  themselves  naturally 
into  three  orders,  according  to  the  structure  of  the  thallus :  the  Pnio- 
coccoideae,  which  include  all  the  unicelltUar  forms,  whether  living  m 
isolated  cells  or  as  cell  colonies ;  the  Confervoideae,  comprising  forms 
conaiating  of  simple  or  branched  cell  filaments  or  cell  stirfaces ;  the 
Sij'hoiieae,  with  a  thallus  variously  developed,  but  usually  consisting  of 
a  single,  multiuuclear,  tubular  cell. 

Sexual  reproduction  has  oob  been  demonstrated  for  all  species  of 
the  Cklorophi/ceae.  In  the  simplest  cases  it  is  effected  by  the  conjuga- 
tion of  naked  gametes,  of  similar  form  and  equal  size.  The  gametes, 
as  distinct  from  those  of  the  Conjvgatae,  are  motile  ciliated  protopl&sU, 
and  are  known  as  Planogamktes.  In  other  genera  there  is  a  differ- 
entiation of  the  sexual  cells  into  a  female  non-motile  egg-cell  or 
OOSPHERE  and  a  motile  ciliated  male  cell  or  »?Kkmatozoid.  Example) 
of  this  advance  from  isogamy  to  oogamy  are  afforded  by  each  of  the 
above  three  orders. 

In  addition  to  asexual  reproduction,  the  Cktorcpkyceae  almost 
always  exhibit  an  asexual  mode  of  reproduction  by  the  formation  of 
motile  ciliated  swarm-spores  (zoospores)  which  resemble  the  piano- 
gametes. 

The  cells  in  which  the  swarm-spores  are  fonned  are  termed 
SPORANGIA ;  similarly  those  producing  gametes  are  designated  G-UIE- 
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TANGIA.  Cells  in  which  apermatozoids  take  their  origin  are  termed 
AKTHESIDIA ;  those  giving  rise  to  egg-cells,  oogonia.  If  the  sexual 
form  be  derived  from  an  asesnal  form  of  reproduction,  all  these  organs, 
as  well  ae  those  similarly  named  in  the  other  classes  of  the  Thallophytea, 
must  be  regarded  as  homologous. 

The  Cmijugattu  and  Characeae,  as  well  aa  tho  three  orders  of  the  ChUirophyceae, 
also  possesa  green  chromatophorea,  and  bence  the  deaignittion  Oreen  Algae,  iu  ita 
widest,  unrestricted  aause,  is  also  applicable  to  them.  The  Conjugataf,  bowever, 
are  sharplj-  cbaracterised  by  their  peculiar  manner  of  sei:ual  reprflduation.  The 
Charactae  also  form  a  dlatinct  group,  and  are  marked  otf  from  tbe  CKUirophyceae 
by  the  more  highly  advanced  segmontatiou  of  their  thsllus  and  tht  more  compli- 
cated strncture  of  the  female  seiual  organs  and  of  the  antharidia,  both  of  which 
are  enclosed,  within  special  enveloping  receptacles,  wliile  the  antheridia  and  oogonia 
of  the  ChloTopkyceae  are  always  devoid  of  any  external  covering  of  sheathing 
•terile  cells. 

Order  1.  Protococcoideae 

The  Protococcoideae  include  only  unicellular  Algae,  whose  cells  lead  a 
separate  existence,  or  are  united  into  cell  families  with  a  definite  or  in- 
definite order  of  arrangement.  They  occur,  for  the  most  ]>art,  as  freely- 
swimming,  fresh-water  forms,  but  are  also  found  in  damp  places.  The 
cells  are  uninuclear,  and  contain  one  or  more  chromatophores.  In  the 
simpler  forms  multiplication  takes  place  vegetatively  by  cell  division  ; 
but,  in  most  cases,  asexual  swarm-spores,  provided  with  two  cilia,  are 
produced.  Sexual  reproduction,  which  does  not  occur  in  all  genera, 
is  effected  by  the  conjugation  of  two  exactly  similar  planogametea 
which  fuse  into  a  zygospore  or  zygote.  The  fertilisation  of  an 
egg  by  a  motile  spermatozoid  is  only  known  to  take  place  in  the  case 
of  Eudorimt  and  Volvos:. 

Many  of  the  Frotvcoccoideac  are  ]H)lymor|ihous,  and  assume,  according  to  the 
season  of  the  year  and  the  conditions  of  their  environment,  different  external  forms 
corresponding  to  dill'ereut  stages  in  their  development. 

Seenedetiaui  aculm,  a  polymorphous  free-swimming  form,  very  common  every- 
where in  water,  is  gener- 
ally found  iu  small  cell- 
fanilios,  consisting  of 
four  spiudJe-shaped  cells 
lying  close  together  (Fig. 
339,  i.  k-).  Under  cerUin 
conditions,  however,  thia 
Alga  passes  into  the  Pal- 
lueUa  stage,  and  it  then 
appears  as  spherical  cells, 
multiplying  by  cell  divi- 
sion (a,  i).  Each  of  these 
cells  may  again  divide 
into  four  spindle- aha{>ed 
cells,  which,  after  escapiug  from  the  mother  cell,  cither  ri 
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□r  coQnectcii  together  by  GiiethieadstDsctylococciuiiitAgu,  Fig.  239,  g).    Bytbelougi- 
tudiDsl  diviMou  of  the  cella  of  these  forms  the  four'Celled  ScC7uide$mai  fkmily  may 
sgaia  be  produced  (/,  h,  t,  t),     Ko  ronustioD  of  Bwikmi-apores  occurs  in  this  Alga. 
One  of  tlie  simplest  forms  of  this  order  is  represented  bjr  the  genus  Chlorella,  which 
muUi|>lies  solely  by  cell  division.     This  genua  is  particularly  interesting  also  ^m  a 
biological  standpoint,  u  its  small  round  cells  live  aymbioticully  in  the  plasma  of /n/ii- 
loria,  in  the  cells  of  Hydra  rirtdU,  Spongilla  fltimatilU,  and  other  lower  aniliuls. 
Fediastram  (Fig.  240)  maybe  cited  as  an  e:iample  of  a  genua  which  gives  rise  to 
eel  I -families.     Each  cell- family  forms  a  Iree-awiniming  plate,  composed  intemalljur 
polygonal  cells,  and  on  the  margin  it  consists  of  cells  more  or  less  acutely  creusted. 
TliB  formation  of  asexual  swarm-spores  is 
J  effected   in  Pediattruin,   by   the  division 

of  the  contents  of  a  cell  into  a  munber  (in 
the   case    of    the    species    illustrated,    T. 
-    granulaium,    into   16)   of   naked  swum- 
spores,  each  with  two  cilia.     The  awann- 
s[iorca,  on  escaping  through  the  rupluifd 
cell  wall  (Fig.  240,  A,  b),  are  enclosed  in 
a  common  envelope.     After  tint  moving 
vigorously   about   within    this   envelope, 
they  eventually  collect  together  and  fenn 
a  new  cell-family.      Pediattram  j>oaat*« 
also   an    asexual   mode   of   n-production. 
The   gametes  are  all  of  equal   t.ize,  and, 
except  that  they  are  smaller  and  are  jm- 
duoed  in  greater  numbers,  they  are  other- 
'    wise  similar  to  the  sworm-sporea,     Ttel 
'.   move   freely  about  in  the  water,  and  in 
;   conjugating  fuse  in  pairs  to  form  zygotea 
h,  cpii-ainii)'  stiortiy  aiipr  fstmsLon  of    The  Further  development  of  the  zygotfi 
(Ane'riri.^  ""x^')  *'  ""'"  """■   *"'°  i^ell-families  is  not  yet  fully  kno.n. 
'  ''  In   the   spring  the   cell-families  develop 

I'l'oni  (loculiar,  thick -walled,  spiniferous  rcsting-cells  or  polvhedka,  the  contwils 
of  which  separate  into  swarm-spores,  which  escajie  enclosed  in  a  common  eavetnjic, 
and  give  rise  to  a  new  family.  Tlie  polyhedru  are  probably  formed  from  swim- 
spores  develotied  in  the  zygotes. 

The  Viilviicanac  include  also  forms  whose  cells  live  either  isolated orunitid into 
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C'-<;,  6pli«tnila  IlilMklii :  (.',  romiatiuu  urgsiiieli's  (x-IUU):  U,  ksuiiiU  ;  K,  conju^tion  uf  1<° 
gBnwtni ;  F,  0,  :yic"l«i>  (x  tiM).    (C-C  after  IIL01.EIH  in.v.) 

colonies,  but  which,  unlike  the  ty)>es  of  the  I'rvtMoeeoidcae  heretofore  cousjdertil, 
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tie  also  provided  in  their  vogetitive  state  with  cilia  and  surrounded  by  a  delicate 
euTelope.  Tiie  cilia,  usually  two  in  number,  project  through  tliis  external  eavelope, 
and  bT  means  of  them  the  Algae  of  this  family  arc  eiiabled  to  swim  freely  about. 
In  tliis  respect  they  cootintie  their  vegetative  existence  in  that  condition  which,  in 
the  case  of  the  other  Frolucueeoideae,  is  only  assumed  transitioaally  by  the  awarm- 
sporcs.  The  multiplicatioa  of  the  Volvocaceat  is  eifected  by  simple  division  of  the 
ciliated  cells  ;  their  sexual  reproduction  by  conjugating  gametes  or  by  means  of  egg- 


■pemutoioidB  (x  B!f4>    (AFter  L.  Kle 

cells  fertilised  by  spermatoroids.  The  genus  Sphaerclta  {Haemalocoixiw)  belongs 
to  the  simplest  solitary  forms  of  this  family,  the  preseuce  of  some  forms  of  which 
(partLGUlarly  S.  plw^alii),  on  account  of  the  luematochrome  contained  in  their 
protoplasm,  often  impart  a  brigliC  red  colour  to  small  pools  of  water  in  wlfich  they 
■re  found.  Spliaereila  nivalis,  another  species  of  this  same  genus,  is  also  the  cause 
of  the  so-called  "red -snow  "  of  thesnowfielda  in  high  northern  latitudes  and  in  the 
Alps.  The  swarm-cells  have  a  widely-distended  envelope  and  two  cilia  (Fig.  241, 
^)-  They  can  withdraw  their  cilia  and  become  resting-cella,  which  eventually 
Mparale  again  into  several  swani-cellsbythedivision  of  their  protoplas: 
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(£).  The  g&inet«fl,  which  may  b«  i>roduc(^d  in  large  Dumb^rs  (32  or  64)  in  every 
cell  [Cj,  possees  two  delicate  cilia,  a  red  e;e-i<pot,  and  a  chromstophore.  After 
awarming,  the  gfuuetes  conjugate  in  pairs  (£)  and  give  rise  to  zygotes  {Fj.  The 
lygotes  become  invested  witha  thick  wall,  and  serve  as  resting- spores  (O),  While 
the  gametes  of  Sphaeretla  and  of  most  other  Volmcaeeat  are  similar  and  of  equal 
siiiB,  in  the  case  of  Eudariiia  and  Volvox,  whicll  may  also  be  considered  as  tlie 
most  highly-developed  forms  of  the  whole  order,  the  sexual  cells  are  more  differ- 
entiated, and  assume  the  form  of  large  passive  egg-cells  and  small  bic  ilia  te  sperms - 
tozoids.  The  genus  Volsox,  as  represented  by  the  species  V.  globalor  and  f. 
aurtui  (f.  miaiir),  found  in  small  pools  and  ditches,  forms  hollow,  spherical 
colonies  (cfenobia),  which  are  often  large  enougji  to  \k  visible  to  the  naked  eye. 
The  colonies  are  composed  of  numerous  cells  {up  to  22,000),  regularly  distributed 
in  a  peripheral  layer.  The  cells  are  connected  laterally  with  each  other  by  proto- 
plasmic tjireads,  usually  six  in  number,  which  extend  through  their  distended  cell 
walls  (Fig.  242,  J),  and  from  each  cell  two  delicate  cilia  are  given  off  .externally. 
The  Volrox  colonies  multiply  regetatively  by  the  formation  and  final  escape  of  new 
daughter  colonies,  resulting  from  the  division  of  a  single  cell  {A,  I),  Spermatozoids 
■nd  egg-cells  are  produced  either  in  the  same  or  different  colonies.  The  spermato- 
zoids arise  through  the  divisioiPof  special  cells  (so-c&lled  antberidia)  into  numerous 
daughter  cells,  which  eventually  form  tabular  (laolteta  of  elongated  spermatozoids 
{B,  C).  The  anterior  extremity  of  the  s[iermatozoid8  of  i'olvux  aureut  is  colourless, 
and  terminates  in  two  cilia ;  in  their  op[>osite,  posterior  end  the  spermatozoids 
contain  a  bright  green  chroma toph ore.  In  the  anterior  portion  there  are  a  lateral 
red  eye-spot,  two  contractile  vacuoles,  and  a  cell-nucleus  [D].  The  egg-cells  are 
produced  by  the  enlargement  of  individual  cells  of  the  colony.  They  are  large 
and  green,  non-motile,  and  surrounded  by  a  gelatinous  envelope  (A,  o).  After 
fertilisatioQ  by  the  spermatozoids,  which,  in  swarming,  escape  into  the  interior  of 
the  hollow  spherical  colony,  they  become  trausforraed  into  firm-walled  resting 
oospores,  which  on  germination  gives  rise  to  a  new*  colony.  The  mother  colony 
dies  after  the  egg-cetls  have  reached  maturity. 

Order  2.  Confervoldeae 

The  Cvnfervoideae  exhibit,  as  cotujAred  with  the  unicelluUr  i'rofo- 
coccouleae,  an  advance  in  the  external  segmentation  of  the  thallue.  It 
ia  always  multicellular,  and,  in  most  of  the  genera,  consists  of  simple 
or  branched  fllaments.  The  thallus  of  the  marine  genus  Ulva  ( t'lw 
lactucu,  SEA  lettuce)  has,  however,  the  form  of  a  large,  leaf-like  cell 
surface  (Fig.  5,  {i.  1 2).  Although  a  greater  [lart  of  the  Confervoideae  live 
in  fresh  or  salt  water,  where  they  are  found  either  free-swimming  or 
attached  to  some  substratum  by  a  colourless  basal  root-cell,  a  few 
aerial  forma  (Ckroolepideae)  grow  on  stones,  trunks  of  trees,  and,  in  the 
tropics,  on  leaves.  To  this  family  belongs  the  aerial  Alga  TreTitepohlio 
(or  Chroolfjms)  Jclitkus,  often  found  growing  on  stones  in  mountainoua 
regions.  The  cell  filaments  of  this  species  ajipear  red  on  account  of 
the  hfematochrome  they  contain,  and  jwssess  a  violet-like  odour. 

The  asexual  reproduction  of  the  Coii/ervoideae  is  accomplished  by 
the  formation  of  ciliated  swarm-spores,  although  in  many  cases  they 
may  also  develop  resistant  resting-«)>ores. 
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Sexual  reproduction  is  effected  either  by  the  fusion  of  piano- 
gametes  (p.  319),  or  the  sezual  cells  are  differentiated  as  non-motile 
egg-cella  and  motile  Bpermatozoids. 

(Jlvlhrix  zonuta,  almost  everywhere  abundant  in  fresh  n-ater,  may  serve  as  a  type 
of  the  i^ogamoiis  Confermiitae  T)  e  filamcnta  of  Ulothrix  exhibit  do  pronouDced 
apical  growth  tliey  are  unbranched  attached  by  a  rhizoid  cell,  and  Gi 
rows  of  short  celta  (Fig  243  A) 
BUch  cell  conUina  a  nucleus  and  one 
band  shaited,  green  hromatopl  ore 
in  the  form  of  an  aln  oat  complete 
hoUon  L\llDd  r  Asexual  rejro 
ductioQ  IS  effected  bj  means  of 
snarm  spores  (1  8)  iihich  ha  e 
four  ciha  (C)  and  are  formed  by 
di  uiaa  in  any  cell  of  the  filanieut 
The  svrarm  spores  escape  througl 
a  lateral  opening  {B)  formed  by 
absorption  of  the  cell  wall  and 
after  swarming  give  rise  to  new 
filaments  The  sexual  an  arm  cells 
or  planogametes  are  formed  in  a 
similar  manner  by  the  division  ot 
the  celU  but  in  much  greater 
numbers  Tl  ej  are  als  smaller 
and  possess  only  two  oil  a.  In  otbet 
respects  they  resemble  the  snarm 
spores  and  posb  s«  a  red  eye  at)ot 
and  one  ebromatophote  By  t!  e 
conj  gat  on  nf  the  \  lanogainites  m 
£aira  Eygotes  {F  If)  are  produced 
nhich  after  draning  m  their  cilia 
round  themselves  otf  and  become 
myested  with  a  cell  wall  After 
a  shorter  or  longer  period  ol  rest 
the  zygotes  are  converted  into  uni 
cellular  germ  plants  (J)  and  gi  e 
nee  to  se\  ral  swarm  spores  (A'} 
which  in  turu  grow  out  into  new 
filaments.  Uluthrix,  like  many  fila- 
mentous Algae,  paasoa  into  a  so- 
called  Palmella  stage,  in  which, 
under  certain  conditions,  the  sepa- 
rate cells  of  the  filaments  give  rise  by 

division  to  colonies  of  cells.  The  individual  rounded  cells  thus  produced  have  often 
been  mistaken  for  species  ol  Prolococcoidcae.  In  this  manner,  according  to  Chodat, 
is  formed  the  common  FUutococciu  'eu!ijaTi$,  which  occura  as  the  green  covering  on 
the  trunks  of  trees,  and  consists  of  round  cells  which  multiply  by  division,  in 
which,  however,  the  formation  of  swarm-spores  has  been  suppressed  in  the  course 
of  adaptation  \o  an  aerial  mode  of  esisteuce.  In  its  unicellubr  condition,  accord- 
ing to  Chodat,  the  cells  are  round,  and  multiply  by  division  ;  they  either  remain 
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isoUted  or  thej  may  be  iinited  in  groups  of  two  or  more  ;  biit  under  some  ciccum- 
Bt»nc*B  they  produce  sliort,  branolisd  cell  filunenU. 

Cladoyhora  is  a  genus  comprising  numerous  sjwcies,  including  dadopkora  gtotn- 
rraia,  a  form  spec i ally  abundant  in  riven).  It  consists  of  branched  filaments  of  lung 
cells,  growing  in  tufts  attached  to  a  support,  and  exhibiting  ueU-marked  apical 
growth  (Fig,  6,  \>.  12).  The  cells,  uulike  those  of  fjlothrix,  are  tnultinuclear,  and 
contain  also  numerous  ])olygonal,  closely -crowded  chromatophores  (Fig.  60,  p.  69). 
By  the  protrusion  and  elongation  of  lateral  outgrowtlis  from  the  cells  just  below 
their  upper  transverse  walls,  the  filaments  become  extensively  branched  ;  while,  in 
addition  to  their  apical  growth,  they  increase  in  length  also  by  the  division  of  the 
cells  and  the  formation  of  new  transverse  walLi  (Fig.  66,  p.  64).  The  swarm-spores 
of  this  species  are  biciliate  (Fig.  244),  and  are  fomied  in  large  numbers  iu  the  cells 
at  the  tips  of  the  branches,  from  which  they  escape  through  an  opening  in  the  upper 
end  of  tlie  lateral  wall.     Having  completed  their  swarming,  they  become  invested 


with  a  cell  wall,  and,  after  a  i^ieriod  of  rest,  they  eventually  grow  out  into  a  new  cell 
Slament.  In  other  species  of  C/adophura,  smaller,  sexual  swarm-aixireB  have  also 
been  observed  which,  as  in  tlie  case  of  Ulotlirix,  fuse  together  in  pairs  in  the  pro- 
cess of  conjugation. 

The  genera  Oedogonium  and  Bulboduieic  may  be  quoted  as  examples  of  oogamous 
Con/ermiileae.  While  the  thallus  of  the  latter  is  branched,  the  numerous 
Bjiecics  of  Ueduijoniuiii  consist  of  unbranched  filaments,  each  ceil  of  which 
possesses  one  nucleus  and  a  single  parietal  chromatophore  composed  of  numerous 
united  bands.  The  ase.xuat  swarm-spores  of  OediHjonium  are  unusually  large  and 
have  a  circlet  of  cilia  around  their  colourless  anterior  extremity  (Fig.  245,  Ji).  In 
this  case  the  swarm-sporea  are  formed  singly,  from  the  whole  contents  of  any 
single  evil  of  the  filament  {A),  and  escape  by  the  rupture  of  the  cell  wall.  For  the 
pur[iOHe  of  sexual  reproduction,  on  the  other  hand,  sjiecial  cells  become-  swollen 
and  ditterentiated  into  barrel-shaped  oogonJo.  A  single  large  egg-cell  with  a 
colourless  receptive  spot  is  lonned  in  each  oogonium  by  the  contraction  of  its 
protoplasm,  while  tlie  wall  of  the  oogonium  becomes  [lerforatcd  by  an  0{iening  at 
a  point  op]tosite  the  receptive  stiot  of  the  egg.  AC  the  same  time,  other,  gener- 
ally shorter,  cells  of  the  same  or  another  tilanient  become  converted  into  antheridia. 
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Each  aotheridiuin  gives  rise  either  to  one  or,  as  i»  more  geuBrally  the  case,  to  two 

Bpermatoioids.     The  snermatozoida  are  smaller  timn  tie  asexual  swarm  -  spores, 

but  have  a  ainuUr  circlet  of  cilia.     Tlicy  peuetrate  the  opening  in  the  oogouiuni 

and  fuse  with  the  egg-celt,  which  then  become!^ 

trans  funned  into  a  large,  firm-walled  oospore.     On 

the  germination  of  the  oospore  its  contents  become 

divided  into  four  swarm-xporee,  each  of  which  gives 
rise  to  a  now  cell  filament.      lu  the  adjoining  figure 

(Fig.  246)  a   germinating   oustiore   of  Bulboc/tatle 

with  four  Bwarm-HjKires  is  represented. 

In  some  species  of  Oedoyiniiim  the  process  of 
sexual  reproduction  in  more  complicated,  and  the 
spermatozoids  are  produced  in  so-called  dwarf 
MALES.     These  are  short  filaments  (Fig.  245,  C,  a) 

consisting  of  but  few  colls,  and  are  developed  from    Fm-  ite.  —  BulboOiuU   lnlcrmnlia. 
asexual  swarm-spores  (.iSUKO.srOKEs)  which,  after        .i) ,  Oospore ;  ^  rormation  ol  four 
swarming,    attacli    themselves    to    the    female    fi!a-        swrni-BpOTesm  t)ie  genniniliiis 
ments,  or  even  to  the  oogonia.     In  the  upper  cells       550 1 
of  the  dwarf-male  filaments  thus  derived  from  the 

androspores,  spermatoioids  arc  produced  which  are  set  free  by  the  o])cning  of  a 
cap-like  lid  (Fig.  245,  D,  a).  In  consequence  of  the  greater  complication  in  the 
process  of  their  sexual  reproduction,  the  oogamons  Cvii/ervoideae  are  considered  to 
represent  a  higher  stage  of  develojiment  than  the  isogamous  forms. 

Order  S.  Slphone&e 

The  Sipfmtfoe  are  diatinguiBhed  not  only  from  the  Chlonqihyreat 
but  from  all  other  Algae  by  the  structure  of  their  thailus,  which, 
although  more  or  less  profusely  branched,  is  usually  composed  of  but 
one  cell,  or  if  it  is  multicellular,  each  ceU  contains  several  nuclei-  In 
the  first  case,  the  cell  wall  encloses  a  single  i>rotoplasmic  mass,  iu  the 
peripheral  portions  of  which  are  embedded  the  manynuclei  and  numerous 
small  green  chromatophores.  In  the  class  of  the  Ili/plioiiii/cettfi,  the 
I'hycomyceUs,  or  Algal  Fungi,  exhibit  the  same  characteristic  structure, 
and  naay  be  regarded  as  probably  derived  from  the  Sipliimeae. 

The  SyAfmeae  comprise  about  forty  genera,  which,  however,  do  not 
include  a  great  number  of  8[wcies.  They  live  for  the  most  part  in 
salt-water,  although  the  species  of  Vmidwiui  thrive  in  frcsli-water  or 
are  found  as  terrestrial  Algae,  growing  on  damp  soil.  Bofri/dium  is 
also  terrestrial,  while  some  forms  of  the  SiphmifAie  are  endophytic,  and 
live  in  the  leaves  of  the  higher  plants. 

Sexual  reproduction  has  advanced  to  oogamy  only  in  the  genus 
J'nucJitria ;  in  other  instances  it  is  isogamous  and  the  conjugating 
gametes  are  alike  in  form  and  size. 

The  simplest  form  of  the  .VtjiAoMtne  is  represented  by  Bvlnjdiuiri,  to  which  genua 
belongs  the  cosmopolitan  Sjieciea  Bolrydiunt  graaulatum.  This  Alga  grows  on 
damp  clayey  soil,  where  it  forms  groups  of  green,  balloon- shaped  vesicles  abont  two 
millimetres  io  breadtb,  Tfte  vesiciea  arc  attached  to  the  ground  by  prolongations 
from  the  base,  in  the  form  of  a  branching  system  of  filamentous  rhiioids  devoid  of 
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ohromatopliorei  (Fig.  247,  A).  The  cell  ffalls  of  the  vesicle  and  rhiEoide  of  each  ' 
individual  enclose  but  one  protoplast.  Multiplication  may  take  place  TegetalJT«ly, 
by  budding,  resulting  is  the  outgrowth  of  a  new  reaicle  from  the  aerial  portion  of 
the  thallus.  After  enlarging  considerably  in  size  and  sending  down  rliizoida  into 
the  subatTatum,  the  young  plantlet  isolates  itself  from  the  motber  vesicle  b;  a 
new  cell  wall.  Asexual  reproduction  is  provided  for  by  the  formation  of  swarm- 
spores.  In  this  process  the  whole  plant  becomes  converted  into  a  single  sparangium 
by  the  division  of  its  protoplasmic  contents  into  numerous  swarm -spores,  vhich  make 
their  escape  through  an  opening  at  the  apex.  Each  swarm-spore  has  two  to  fonr 
chromatopborea,  but  only  a  single  cilium,  which  is  situated  at  its  anterior,  oolonrless 
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end  (Fig.  247,  B).  The  formation  of  awami-sporcs  occurs  only  when  the  thallus  is 
covered  with  water.  After  coming  to  rest  the  heliotactic  swarmers  (p.  213)  invest 
themselves  with  a  cell  wall  and  give  rise  to  new  plantlets.  Sexual  reproduction 
may  also  occur.  For  this  purpose,  in  summer  or  in  times  of  drought,  the  proto- 
plasm of  the  vesicles  becomes  broken  up  into  a  number  of  rounded  or  angular  non- 
motile  s]>ore9  or  AFLA>'oaAMETEa.  These  spores  may  remain  at  rest,  perhaps  for  a 
period  of  a  year  or  more,  until  supplied  with  water,  when  numerous  anlall  sexual 
pisnogametes  (C,  a)  are  formed  from  their  contents.  These  planogamet«s  arc  each 
[irovided  with  two  cilia  and  a  red  eye-apot,  and,  by  conjugating  in  pairs,  give  rise 
to  aygotes  ifi-/)-  The  zygotes  round  themselves  off  and  germinate,  either  diiectjy 
or  after  a  period  of  rest.  The  planogametes  are  also  he^iitactic.  Through  the  for- 
mation of  the  gametes  within  the  resistant  resting-s^rea  the  latter  acquire  the 
character  of  gametangia. 


^ 
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The  thallus  of  Fnndieriu,  the  only  oogamons  genus  of  the  Siphnneoe,  also  coii- 
aist*  of  a  single  cell  atUched  to  the  siiltstrfttum  by  meauH  of  coloiirleiM  rhizoidH  ; 
bat  itit  ai-rikl  portion,  nulike  tbat  of  Botrydium,  ix  branched  and  filamentous. 

The  swami-sporea  of  Vaadieria  are  developed  jn  a|>ccial  xporangia,  cut  olT  from 
the  swollen  extrpinities  of  lateral  brauches  by  means  of  transverse  walls  {Fig.  248, 
A-E).  The  whole  contents  of  Huch  a  sporangium  become  converted  into  a  single 
green  BWann-spore.  The  wall  of  the  sporangium  then  ruptures  at  the  apex,  and 
the  swariD-spore  rotating  on  its  longitudinal  a.'cis  forces  its  way  through  the  ojien- 
ing.  The  swarm-9t)ore  (F)  is  so  large  as  tn  be  visible  to  the  naked  vye,  and  contains 
numerous  nuclei  embedded  in  an  investing  layer  of  colourless  protoplasm.  It  is 
entirely  surrounded  wttli  a  fringe  of  cilia,  which  protrude  in  pairs,  one  pair  opposite 
eoch  nucleus  (O).  Morphologically  the  swarm-spores  of  F(ii«J(rrini  correspond  to 
the  collective  individual  a[ioTea  ol Bolrydiuni.  The  sexual  reproduction  of  I'ajtchcria 
is  not  effected  like  that  of  the  other  Siphoneat,  by  the  conjugation  ofniotiie  gametes, 
from  which,  however,  as  the  earlier  form  of  reproduction,  it  may  be  considered  to 
have  been  derived.     The  oogonia  and  ^ 

■ntlieridia  first  appear  as  small  protii- 
beraoceB,    which  grow  out  into  short 
bteral  branches  and  become  separated 
by  means  of  septa  from  the  rest  of  the 
thallus   (Fig.    249,   o,   a).     AC   first, 
according    to   Oltmakss,    the    nidi-      '?'. 
meats  of  an  oogonium  contain  numer-      y, 
ous  nuclei,  of  which  all  but  one,  the       \ 
nucleus  of  the  future  egg-c^U,  retreat       ■'■ 
again   into  the  main  filament   before 

the  formation  of  the  sejiarative  septum.  *''"-  2«.— ''ii""'"'!"  «m*li«.  Pottlnii  of  s  ilLiiHjnt, 
Id  its  mature  condition  the  oogonium  .    '."  <**""■''""■  '■  sntherlfilimi,  a,  r^,  chro. 

i  -J        L     1    VI.  -     .-  niatopboreB ;  n,  cell   nuclei;  ol,  oil   globules, 

has  on  one  side  a  beak-liko  projection        (xI40) 
containing  only  colourless  protoplasm, 

while  the  rest  of  the  oogonium  is  filled  with  numerous  chromatophores  and  oil 
globules.  The  apical  portion  of  the  projection  becomes  mucilaginous,  and  is  finally 
rnptured  by  the  eitnisiou  of  a  colourless  drop  of  protoploam  from  the  egg-cell 
which,  in  the  meantime,  has  been  formed  by  ithe  contraction  of  the  contents  of 
the  oogoniumt-  The  anthcridia,  which  are  alsomultinuclcor,  are  more  or  Ivxn  coiled 
(a),  and'  open  at  the  tip  to  set  free  their  slimy  contents,  which  breaks  itp  into  a 
nunibeT  of  swarming  siiemiatozoids.  The  aiwrmatozoids,  which  are'  very  aniall 
and  entirely  devoid  of  chroma tophorea,  consist  chiefly  of  nuclear  substance.  They 
collect  around  the  receptive]. sjiot  of  the  egg-cell,  into  which  one  sj)i'rmato;:oid 
finally  penetrates.  After  the  egg-cell  has  been  fertilised  by  the  fusion  of  its 
nncleuB  -with  that  of  the  Hi>ermatoloid,  it  becomes  invcHted  with  a  woll  and  con- 
verted  into  a  resting  oosjHirc. 

The  marine  Sipliimcac,  on  account  of  the  more  complicated  segmentation  of  their 
thallus,  alford  one  of  the  most  interesting  types  of  algal  development.  The  genus 
Caulerpa,  represented  by  many  sjiecies  inliabitiug  the  warmer  water  of  the  ocean, 
has  a  thick,  creeping  main  axis  or  stem.  Increasing  in  lengtli  by  apical  growth, 
the  stem-like  portion  of  the  thallus  gives  off  from  its  under  surface  profusely 
branched  colourless  rluzoids,  while,  from  its  upper  Hide,  it  produces  green  thalloid 
segments  which  vary  in  shape  in  tlie  dilferent  species.  In  Cauki-pa  jiroli/era  (Fig. 
260)  these  outgrowths  aie  leaf-like,  are  frequently  proliferous,  and  have  only  a 
limited  growth.    Inother  species  they  are  pinnately  lobed  or  branched.   The  whole 
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thalluB,  however  bntnohed  and  Hegmcnted  it  may  ba,  encloses  but  one  ceU-c»vit)', 
whioh  ie,  Lowever,  often  traversed  by  a  network  of  cross -an  pporta  or  trabecule. 

The  thalluB  of  Codiuiit,  also  a  marino  form,  consista  at  lirst  of  a  single  cell,  but 
in  time  develops  lateral  outgrowths  which  become  thickly  intertwined  and  cut  olf 
by  transverse  walls.  In  the  case  of  CWium  Burm.  the  vegetative  body  thus 
formed  has  the  shape  of  a  liollow  s)iherc,  while  the  thallua  of  Cudiujn  tointMat«n\ 
is  cylindrical  and  diohotomously  branched.  The  genus  Bryopiii,  on  the  other  hand, 
has  a  delicate,  pi nnstely- branched  thallus.     Although  originally  unicellular,  the 


A 


II  pmlifitit.     The   shnitcl 


alias,    (in. 


thnllna  develo^M  lateral  tubular  branches  that  eventually  bcooiuu  septated  fruiu  it 
by  the  formation  of  transveriie  ubIIh. 

Other  marine  HijiAoii-eae  become  encrusted  with  calcium  oxalate  and  calcium 
carbonate,  and  bear  a  resenihhuicc  tu  coral,  e.g.  Haliiacda  Opuntui,  which  resi'mlilts 
Opunlia  on  a  small  scale.  Aceliihtiliiria  medUerra-nea,  also  one  of  the  cahareoiu 
Siphorttae,  has  a  stalked  umbrella-like  tliallus  (Fig.  251)  attached  firmly  to  tlx 
substratum  by  means  ofrhizoids.  The  disc  uunsistH  of  a  number  or  closely  crowdnl 
tubular  outgrowths  radiating  from  the  tip  of  the  stalks,  in  which  arc  developed  the 
uon-motile  sjiores,  the  so-called  aplanosporcs.  These  are  liberated  when  the  disc 
falls- to  pieces,  and  form  ganietangia  (as  iu  Bolnjdium) ;  and  in  tiie  latter  piano- 
gametes  are  developed,  which  conjugate  in  pair.-. 
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Phaeophyceae  (Brown  Algae) 

With  exception  of  a  very  few  fresh-water  species,  the  Phaeophyceae 
are  only  found  in  salt-water.     They  include  over  1  GO  genera,  are  all 
tixed,  and  attain  their  highest  development  in  the  colder  waters  ol 
the  ocean.     They  show  great  diversity  in  the  form  and  structure  of 
their  vegetative  body.     The  simplest  representatives  of  this  class  {e.g. 
the  genua  Edoairpus)  closely  resemble  the  Crmfervoiileae,  in  having  a 
filamentous  thallus  consisting  of  a  branched  or  unbranched  row  of 
simple  cells.     Some  PItaeophi/ceae,  again,  have  a  cylindrical,  copiously 
branched,  multicellular  thallus  (e.g.  CUidostephtis,  whose  main  axes  are 
thickly  beset  with  short  multicellular  branches.  Fig.  7,  p.  12) ;  while 
in  other  cases  the  multicellular  thallua 
is     band  -  shaped    and    dichotomously 
branched  {e.g.  Dirlyota,  Fig.  8,  p.   13). 
Growth  in  length  in  both  of  these  forms 
ensues   from    the    division    of   a    large 
apical  cell  (Fig.  7,  p,  \2  ;  Fig.  100,  p. 
148).     Other  species,  again,  are  charac- 
terised by  disc-sliaped  or  globose  thalH. 

The  Laminttriaceae  and  Fwtireae  in- 
clude the  most  highly-developed  forms 
of  the  Phaeophyc'iif..  To  the  first  family 
belongs  the  genus  Lamimria  found 
in  the  oceans  of  northern  latitudes. 
The  large-stalked  thallus  of  the  Lami- 
narias  resombles  an  immense  leaf ;  it 
is  attached  to  the  substratum  by  means 
of  branched,  root^like  hold-fasts,  devel- 
oped from  the  base  of  the  stalk. 

In  the  case  of  the  Laminariii  digiUiUi 
(Fig.  252),  and  similarly  in  other  species, 
a  zone  at  the  base  of  the  palmately 
divided  leaf-like  expansion  of  the  thallus 
retains  its  meristematic  character,  and 
by  its  intercalary  growth  produces  a 
succession  of  new  laminse.     Each  older 

lamina  becomes  pushed  up  and  gradu-  Fra.  %ifi.—iMmi<mu-i  ai^jiiati:  foma 
ally  dies,  while  a  new  one  takes  its  ZZ'I-LT''^  ^'  *''"""°*''  *' 
place  and   becomes  in  turn  palmatcly 

divided  by  longitudinal  slits.  The  large  size  of  tlieir  thalli  is  also 
characteristic  of  the  Laminarias  :  L.  Mtduiriwi  (North  Sea),  for  instance, 
is  frequently  3  m.  long  and  the  stalk  more  than  1  cm.  thick. 
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The  greatest  dimenBiona  attained  by  any  of  the  Pkaeophyctae  are 
exhibited  by  certain  of  the  Antarctic  Laminariaceae.  Of  these, 
MacTOcystis  pyrifera  is  noted  for  its  gigantic  size ;  rising  obliquely 
upwards  to  the  surface  of  the  water  from  the  sloping  sides  of 
elevations  in  the  ocean  bed ;  its  floating  thallus  has  a  length  of  200 
to  300  m.  With  the  exception  of  a  naked  lower  portion  this  bears 
numerous  long  pendent  lobes,  each  of  which  is  provided  at  the  base  with 
a  large  bladder-like  float  filled  with  air.  Even  more  remarkable,  on 
account  of  their  tree-like  character,  are  the  Antarctic  species  of  Lessonia, 
in  which  the  main  axis  is  as  thick  as  a  man's  arm ;  from  it  are  given 
off  lateral  branches  with  hanging  leaf-like  segments.  The  plant  attains 
a  height  of  several  metres,  and  has  a  tree-like  habit  of  growth. 

The  FwMceae,  although  relatively  large,  do  not  comjiare  with  the 
Laminariaceae   in   size.     As   examples   of  well-known    forms   of    this 
order  may  be  cited  Fucus  remuhsKs 
(Fig.  253,  b),  which  has  a  band-shaped, 
dichotomously  branching  thallus  with 
air-bladders,    and    Fucus   pkdycarpus 
without  bladders.     Both  species  are 
fastened  to  the  substratum  by  discoid 
hold -fasts,    and    growing    sometimes 
over  1  metre  long,  are  found  cover- 
ing extended   areas   of  the   littoral 
region  of  the  sea-coast.     Sargassnm, 
a    related    genus   chieily   inhabiting 
tropical   oceans,  surpasses  the  other  ■ 
brown  sea-weeds  and  even  all  other 
Algae   in   the   segmentation    of    its 
thallus,  and  in  this  respect  it  bears 
a  close  resemblance    to    the    higher 
plants.     The    thallus    of    Sargassum 
Fio  lis -Faca,  vaicHhua    h  A[r-bi»diier •  ^hows  in  fact  adistinction  into  slender 
/  «cei>ticiea.  (Rciiucfd  J.)         '  branched  cylindrical  axes  with  late»l 
outgrowths,  which,  according  to  their 
function,  are  differentiated  as  foliage,  bracteal,  or  fertile  segments  or 
as  air-bladders.      Various  species  of  'SaTgassum  which  have  been  swept 
away  from  the  coast  by  currents,  finally  collect  in  large  floating  masses 
in  quiet  regions  of  the  ocean  (Sargasso  Sea).     Sargassum  bacciferum  is 
carried  even  to  the  coast  of  Europe. 

The  cells  of  the  Phaenphyceiie  have  usually  but  one  nucleus.  They 
are  supplied  with  a  "larger  or  smaller  number  of  chromatophores, 
which,  in  addition  to  chlorophyll,  contain  a,  brown  pigment,  PHYCO- 
PH^IN,  which  imparts  to  the  Algae  a  yellowish -brown  or  dark 
brown  colour.  Many  Pkaeopliymie  produce  and  store  up  a  fatty  sub- 
stance in  the  pfece  of  starch.  Among  the  more  highly-developed  forms 
the -thallus  exhibits  a  fairly  highly  differentiated  anatomical  structure. 
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The  outer  cell  layers,  aa  a  nile,  function  as  an  assimilatoiy  tisBue, 
the  inner  cells  as  storage  reservoirs.  In  some  species  the  axial  cells 
of  the  thalluB  are  arranged  in  definite  strands  with  sieve-tube  like 
elements  and  true  sieve-tubes. 

According  to  the  manner  of  their  sexual  and  asexual  reproduction, 
the  Phaeophyreae  fall  naturally  into  three  orders. 

Order  1.  Phaeosporeae 
.       In  this  order  are  included  the  Laminariofl,  as  n-ell  a.s  tlie  majority  of  the  otiier 
Phneophyctae.     Aaexiial  multiplication  is  effected  by  means  of  swarm -spores,  which 
ire  produced  in  large  numbers  in  simple,  so-called  unilocular  sporangia  ;  they  have 
»  red  eje-apot,  a  chromatojihore,  and  two  latekai-ly  ikserteu  cilia  (Fig.  2bi). 


n.  ita.  —  Ch-dorttp1im  ttiticOkitMt, 

wltii    gametangiuin    partly    .li»- 

chareed.    (After    FKIircBBRlu,  X 

pyp-spot  rip,  am]    y«l] 

PmsOBHElH.) 

Many  genera  eihibit  also  a  sexnal  mode  of  reproduction  resulting  from  the 
coujngation  of  jsomorphous  plauogametes,  tt'hieli,  exce])!  that  they  fuse  in  [airs  in  the 
formation  of  zygotes,  otherwise  re.wmbte  the  asexual 
swarm-spores  (Fig.  266).  Unlike  the  nwarm-spores, 
however,  they  are  produced  in  many-chambered, 
FLCfilLoclLAK  gametangia,  in  each  cell  of  which 
Mldom  more  than  one  gamete  is  formed  (Fig.  255).  ^     '1     ,    j    ^,-,^ 

Tlie  members  of  this  order  alTord  an  illusti'atiou  C  V     V     '"^l 

of  a  transition  from  Isogamy  to  oogamy.     In  the  J  ^        '^' 

small    family    of    CulUriacfar,    to    which    belongs  '  i 

Zanardinia  eollaris,  wIlobc  tballus  is  disc-slia|)ed 

and  attached  at  the  centre,  and  the  Cutleriae  with    '''"Gaii^ei^r'^'J"'T"nil'i'jn'ortiiL 
a  furcate ly-di Tided  thalUis,  tlie  conjugating  gametes         gamelw     (After  BBRTitoi  d  ) 
are  of  unequal  size.     The  female  macroganietes  are 

much  larger  tlian  the  male  microgametts,  and  have  tlieir  origin,  one  in  each  cell, 
in  larger  and  fewer-eelled  gametangia.     Alter  swarming,  the  female  gamete  loses 
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its  cilia,  and  rounding  itsvlf  oFT,  becomes  canverbid  into  an  egg,  which,  after  its 
rertiUsatioD  by  a  inicrogamet«,  is  invesbtd  with  a  wall  and  foims  a  resting  ijgoU. 

Order  2.  Fucaceae 

Asexoal  reproduction  is  wanting  in  this  order,  while  aemal  reproduction  is 
distinctly  oogamous.  The  oogonia  and  antheridia,  aa  in  Fuevs  vexiculams  and 
platycaTp'oa,  for  example,  are  formed  in  special  Dask-shaped  depressions  termed 
COSCEPTACLER,  wliich  are  crowded  together  below  the  surface  in  the  swollen  lijja  or 
RECEPTACLES  of  the  dichotomouely  branched  thallus  (Fig.  253,/).  The  conceplaclM 
of  F.  plaiymrpua  (Fig.  257)  contain  botli  oogonia  and  antheridia,  while  F. 
ixaieulosua,  on  the  contrary,  is  divel- 
ous.  From  the  inner  wall  of  the  con- 
ceptaoles,  between  the  oogonia  and 
antlieridia,  spring 
branched,  sterile  hairs  or 
of  which  some  protrude  in  tufts  from 
the  mouth  of  the  conceptacle  (Fig. 
257).  The  antheridia  are  oval  in 
shape,  and  are  formed  in  ulusten 
on  special  short  and  much-branchnl 
filaments  (Figs.  257  u,  258  C).  The 
contents  of  each  antheridium  sep- 
rate  into  a  large  number  of  spenua- 
toxoids,  wlilch  are  discharged  in  a 
mass,  still  enclosed  within  the  ilinFr 
layer  of  the  autheridiiAn  (Fig.  25S, 
B).  Eventually  set  free  Irom  this 
outer  covering,  the  spermatozoids  ap- 
pear as  somewhat  elongated,  ovate 
bodies,   having   two   lateral  eilii  of 

■.,ua.  ,»!,  «i..roTa;n,™i  »,«  W,  ..4  Tl»  oogon,.  (Fig.  257,  .)  .r.  nmlj 
cluitersofanthcrltlJs<u);  j>,  pnnphyitos,  (AFter  spherical,  and  are  borne  on  a  short 
Thuhbt,  xcfreaas.)  stalk  consisting  of  a  single  cell.   Tfifj 

are  of  a  yellowish -brown  coloor,  sod 
enclose  eight  spherical  egg-cells  which  are  formed  by  the  division  of  the  oogoniuis 
mother  cells.  The  eggs  are  enclosed  within  a  thin  membrane  when  ejected  from 
the  oogonium  (Fig.  258,  A).  This  membranous  envelope  deliquesces  at  one  enil 
and,  turning  partly  inside  out,  sets  free  the  egjp.  The  spermatozoids  then  gsthei 
round  the  eggs  in  such  numbers  that  by  the  energy  of  their  movements  they  oftfn 
Bet  them  in  rotation  {F,  H).  After  an  egg  has  been  fertilised  by  Che  entrance  of 
one  of  the  spermatozoids  it  becomes  invested  with  a  cell  wall,  attaches  itself  to 
the  substratum,  and  gives  rise  by  division  to  a  new  plant.  '  In  the  case  of  o(btt 
Pueaceac  which  produce  four,  two,  or  even  only  one  egg  in  their  oogonia,  the  nucleos 
of  each  oogonium,  according  to  Oltmanns,  nevertheless  first  divides  into  eight 
daughter  nuclei,  of  which,  however,  only  the  proper  number  give  rise  to  egp 
capable  of  undergoing  fertilisation.  The  oogonia,  accordingly,  of  the  Atlaobc 
Himantlialia  lorea,  which  produces  only  one  egg,  just  as  those  of  other  species  in 
which  two  or  four  are  developed,  may  be  regarded  as  having  been  evolved  phjlo- 
genoCicaUy  ^m  oogonia  in  which  eight  eggs  are  formed. 
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Pic  an.—A-F,  yiunit  )Jaiyairi-as :  A,  eight  fgg-PollB  eitniileil  n«in  the  uuBOulum,  »till  aurmundcd 

liypi  of  the  cell  wall ;  C.  iti  aiitheriilium  Hied  In  akoliol  in<l  sUineEl  with  hB-mntoxyliu ;  I>. 
wielli>iiofcontenUof  anoofnnlii"!  iilimlarly  treatttl  and  stained;  £.  egg-cella  int  free  by  the 
niptiireorthelnnerlaj'srortlieoiigauiumbywhicli  they  were  enVFlapalwbeii  nnit  oitruded; 
F,  an  eeg-mi  with  ■pennatoioida.  G,  II.  Faou  vttw«i->,a:  G,  >prrtiinCuicX<Ui  Hied  by  a 
•olution  of  iodine;  ff,  an  egg-cell  uith  spenimtoigtds.    (CandC  xMO;  other  ngs.  xiW.) 
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OrdflF  8.  Dictyotaceae 

In  thiu  order  there  are  only  a  few  forms  (e.g.  Diclyola  dickotoiiia.  Fig.  8,  p.  \'i). 
The  asexual  spores,  of  which  only  two  or  four  are  formed  in  s  sporaugiutn,  are  non- 
fflotile.  The  sexual  organs  are  differentiated  into  oogouia  and  autheridia.  Each 
oogonium  contains  a  single  egg-cell,  which  it  eventually  ejects,  and  the  antheridia 
produce  numdious  efebMatia  or  non-motile  male  cells  without  cilia.  The  process 
of  fertilisation  has  not  as  y^t  been  observed.  In  the  form  of  their  s[iores  and 
sperraatia  the  Dklyotaceac  resemble  the  Shodophyccac,  from  which,  however,  thej 
are  distinguished  by  the  absence  of  a  trichogyue  and  by  their  characteristic  fruit- 
fonnation. 

Economic  Uses. — The  dried  stalks  of  the  ollicilial  Lav\inaria  digitata,  forma 
GlouiturU  (Phann.  germ.),  are  used  as  dilating  agents  in  surgery.  Iodine  is  ob- 
tained from  the  ash  (varac,  kelp)  of  various  LamiiuiTiattae  and  FiuxKtae,  and 
formerly  soda.  Many  Laminarias  are  rich  in  manuite  {e.g.  LanUnaria  xtedmrina), 
and  are  used  in  Its  production,  and  also  as  an  article  of  food  by  the  Chinese  and 
Japanese.  Species  of  Alaria  are  used  as  an  article  of  food  in  the  Polar  regions. 
The  larger  Phaeophyccae  are  utilised  also  as  manure. 


Rhodophyceae  (Red  Algae) 

The  ithodophyceae  or  Florideae,  of  which  about  280  genera  arc 
known,  constitute,  like  the  PkcLetqikyceae,  an  independent  group  of 
Thallophytes,  for  whose  phylogenetic  derivation  from  the  lower  Algae 
there  ie,  as  yet,  no  positive  evidence.  They  are  attached  to  some  support, 
aud  almost  exclusively  marine,  and  specially  characterise  the  lowest  algal 
region  on  the  coasts  of  all  oceans,  especially  in  temperate  and  tropical 
latitudes.  A  few  genera  {e.g. 
i|  ■i^  Batiaclwsperjiium,  Lematim,  SUde- 

■4i  \  /■  ^iT.^  brutidtia)    grow    in    fresh-water 

L.*vf-VS»>ijr,_,  streams. 

'■^L/  ■         "^^^  thallus  of  the  red  Algae 
■■'^s^?^     exhibits  a  great  variety  of  forms. 
As  in  the  brown   Algae,  there 
are  no  single-celled  forms  like 
those  characteristic  of  the  Sipho- 
The  simplest  forms  are  re- 
presented by  branched  filaments 
consisting  of  single  rows  of  cells 
(t.g.CallUhamnion).  Inothercaaes 
the  branched  filamentous  thallus 
<1  iiot.  aije.  ' oiftfixAL.)  '         '       appears    multicellular   in    cross- 
sections.  In  many  other  forms  the 
thallus  is  flattened  and  ribbon-like  {e.</.  Chmdrus  crispus,  Fig.  259; 
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GigaTliaa  mammtlUm,  Fig.  260);  while  in  still  other  species  it  consists 
of  expanded  cell  surfaces  attached  to  a  substratum. 

The  forms  with  more  advanced  segmentation  resemble  the  vascular 
plants  externally,  and  exhibit  a 
differentiation  into  a  cylindrical 
axis  and  flattened  leaf-like  thalloid 
branches  which,  aa  in  DeUsseiia 
(Hydrolaputhum)  sangvinea,  may 
even  be  provided  with  middle  and 
lateral  ribs  (Fig.  9,  p.  13).  All 
the  Florideae  are  attached  at  the 
base  by  means  of  rhizoidal  iila- 
ments  or  discoid  hold-fasts.  In 
the  more  delicate  species  the  cell 
walls  are  tiiin  ;  while  in  the  firmer 
and  more  compact  forms  they  are 
mucilagioously  thickened.  The 
thalli  of  the  C'oralliitaceae,  which 
have  the  form  of  branched  flla- 
ments  or  of  flattened  or  tubercu- 
late  incrustations,  are  especially 

characterised,  on  the  other  hand,  ^'"■'^:Z!l^''^iZt':llto/;,a^!^T''^ 
by   their  coral  ■  like   appearance, 

owing  to  the  large  amount  of  calcium  carbonate  deposited  in  their  cell 
walls.  The  calcareous  Flmideae  are  chiefly  found  on  coasts  exposed  to 
a  strong  surf,  especially  in  the  tropics. 

The  Rlialophyceae  are  usually  red  or  violet;  sometimes,  however, 
they  have  a  dark  purple  or  reddish-brown  colour.  Their  chroniatojihores, 
which  are  flat,  discoid,  oval,  or  irregular-shaj>ed  bodies  and  closely 
crowded  together  in  large  numbers  in  the  cells,  contain  a  red 
pigment,  phycoerythrin,  which  completely  masks  the  chlorophyll. 
True  starch  is  never  formed  as  a  product  of  assimilation,  its  place 
being  taken  by  other  substances,  very  frequently,  for  example,  by 
Floridean  starch.     The  cells  may  contain  one  or  several  imclei. 

Reproduction  is  effected  either  asexually  by  means  of  spores,  or 
sexually  by  the  fertilisation  of  female  organs  by  male  cells. 

The  aseiual  sroftta  are  iion-motilc  ;  they  have  no  cilia  aad  ate  simply  aakcd, 
apherioal  cells.  They  are  produced,  iiaually,  in  groups  of  four,  by  the  divioion  of  u 
mother  cell  or  Biiorangiiun,  [torn  which  they  are  in  time  set  free  by  the  transverse 
rupture  of  its  walls.  The  sporangia  themselves  are  uearly  spherical  or  oval  bodies 
seated  on  the  thalloid  filaments  or  cnibedded  in  the  thaltns.  In  consequence  of 
their  usual  formation  in  fours,  the  spores  of  the  Florideiic  lav  termed  TETKAsl'UHh:.s 
(Fig.  261).  They  are  analogous  to  the  swarm-spores  of  other  Algae;  similar 
spores  are  found  also  in  Che  IHctyotaccac  among  the  brown  Algae. 

In  the  development  of  Ihe  sesiial  organs,  particularly  the  female,  the  SJiix/u- 
phyctae  diflfer  widely  from  the  other  Algae.  Batraelioijirrmum  moiiilt/oniie,  a 
fresh-water  form,  may  serve  as  an  exmnple  to  illustrate  the  mode  of  their  formation. 


LiOOglc 


This  Alga  poBscsttcs  a  lirowniBli  thalliis,  envelo{)ed  in  mucilage,  und  coDsiBting  of 

verticil ia.tely  braoclied  filamenta.      The  sexual  organs  appear  in  tbo  autumn  and 

^^  form  on   tbe  branching  wborla  glomeruli 

jp^fc  or  Sliberical  bodies  conijiosed  of  short,  rull- 

ating  broDobtis. 

The  antlieridia,  also  known  a  spenui- 
tangia  (Fig.  262,  4),  are  produced,  uaiisllj 
in  }>Binj,  at  the  ends  of  the  radiating 
branches  of  a  glomerulus.  Each  antheri- 
dium  canaiats  of  a  single  thin-walled  ceil, 
in  which  the  whole  of  the  i)roto]itaaiu,  » 
is  tbe  rule  in  all  Rhodophyctac,  is  cod- 
Humed  ill  tbe  furniation  of  one  uuinurletr 
SPERMATICM.  The  Hpermatia  are  noarij 
spherical,  and  immediately  after  their  dis- 
cbarge from  the  antheridia  {A,  v,  %)  at 
naked,  hut  afterwards  become  invested  nntb 
I  a  thin  outer  membrane  or  cell  wall.  Tbfj 
contain  a  single  nucleus,  and  are  mtn- 
I  motile,  like  the  ciliated  BpermatozoidB  ol 
the  other  Algae,  and  have  therefore  re- 
ceived a  distinctive  name.  In  consequence  of  their  incapacity  for  independent 
movement,  they  must  be  cairied  passively  by  the  wat«r  to  the  female  organs,  nliich 
are  situated  near  the  antheridia  at  tbe  ends  of  other  branches.     Tbe  female  orgtn 
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li  fertilised  i-ayioKaiili 


leveloping  from  tlie  Ii»m1  portioii 


iscalledarAKPu(MN[L-M(Fig.  262,  £),  and  coosiitts  of  an  elongated  cell  with  a  basal, 
flask-sbaped  portion  (c)  prolonged  into  a  filament,  termed  the  teichoqykk  (()■  The 
basal  portion  contains  the  egg,  which  is  provided  wjth  a  large  nucleus  and  cltre- 
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niatopbores,  w1u)e  the  tricLogyne  fiiiictiona  as  a  receptive  organ  for  the  apermatia, 
one  or  two  of  which  fuse  with  it,  and  tlie  eontents,  escaping  through  the  spcrmatium 
wall,  pass  into  the  carpogouiiim.  The  el>erm' Diicleua  probably  in  thia  case,  jiiat 
aa  has  been  demonstrated  by  Wii.T.r.  for  yeinalion,  passes  down  tlie  trichogyne  and 
fu-tes  with  the  nucleus  of  the  egg -cell.  The  fertilised  egg  does  not  become  converted 
directly  into  an  oospore,  but,  as  a  rr>iu1t  of  fertilisation,  nunierons  branching  fila- 
nieuts  termed  gonimoblaats  grow  out  from  the  sides  of  the  ventral  jmrtion  of  the 
caTpogooinui,  At  the  t»ine  time,  by  the  development  of  outgrowths  from  cells  at 
the  base  of  the  csurjiogoniuin  an  euvelo^x:  is  formed  about  the  fertile  gonimoblaats. 
The  whole  product  of  fertilisation,  iucluding  the  surrounding  envelope,  con- 
stitutes the  fructification,  and  is  termed  a  cvstocahp,  Tlie  profusely-branched 
gonimoblasts  become  swollen  at  the  tips  and  give  rise  to  splierical,  uniuuclear  s])Orea 
known  as  C'AlirusFOltES,  wliich  are  eventually  set  free  from  the  envelojie.  In  the 
case  of  Satrae/toijieriHum  the  carjKtKiiores  produce  a  filamentous  protouema,  the 
terminal  cells  of  which  give  rise  to  asexual  unicellular  sjiores.  These  spores  serve 
only  for  the  multiplication  of  the  protoneraa.  Ultimately,  however,  one  of  the 
lateral  branches  of  the  protoncma  develops  into  the  sexually  differentiated  fila- 
mentous thallus.  The  production  of  sjiores  by  [he  protonema  is  anaiagoua  to  the 
funnation  of  tetraspores  by  other  Fluridtae. 

The  formation  of  the  cystocarps  and  carposjiores  is  luucli  mon.  complicated 
in  the  case  of  other  genera,  but  tbi-y  originate  in  a  similar  manuir  from  carjiogouia 
l>rovided  with  trichogynes. 

Choreocolax  atl^s,  a  North  Sea  Floridcan  species,  described  by  Kuki'I-k,  is  of 
Hpcciat  interest.  It  glows  as  a  i>arasite  on  another  rc<l  neaueed,  Rhodomela  eab- 
JvMCa,  on  which  it  appears  in  the  form  of  a  smaU  white  cusiiion-hke  growth.  As 
a  result  of  its  parasitic  mode  of  life  the  formation  of  cbromatopbores  has  been 
entirely  suppressed,  and  thus  in  C7i(Teoco/(iai«/6us«  true  Yungus-form  is  represented. 

Ecmomle  Uim. — Gvjarliwt  jiiamiiiillosa  {Fig.  260),  with  cone-like  cystocarjis 
2-5  mm.  in  length,  and  Chondria  criipiu,  with  oval  cystocariia  about  2  mm.  long, 
sunk  in  the  thallus  tetraspores.  Both  forms  occur  in  the  North  Sea  as  purplisli-rcd 
er  purplish- brown  Algae  ;  when  dried  they  have  a  light-yellow  colour,  and  furnish 
tbeolGcia1C.\RRAUHF.BK,"Iri.'<liMoHa,"  used  in  the  preparation  of  jelly.  Aoak-Aoak, 
which  is  used  for  a  similar  purjiose,  ia  obtained  from  various  Flnrideae;  Oracilaria 
liditnoidts  supplies  the  Agar  of  Ccyion  (also  called  Ftwua  ainylaeean),  Eueheiiina 
»))inMum  the  Agar  of  Java  and  Madagascar.  Ml'scls  melmikthochokti-s,  consist- 
ing of  a  mixture  of  ditferent  marine  Algae,  was  formerly  used  as  a  siiecific  for  woriiia 
and  goitre.  Corallinu  iifficiiuilis,  a  calcareous  Hjiecies  of  Floridcnc,  was  at  one 
time  officinal. 


Cla&s  IX 

Characeae  (Stoneworts) 

The  Characeae  form  a  aharjily-defined  group  of  Thallophytea, 
distinctly  characterised  by  tlie  complicated  structure  of  their  sexual 
organs.  They  may  originally  have  been  derived  from  the  Coii/ertoUeae  ; 
Imt  the  process  of  their  evolution  is  uncertain,  as  all  intermediate  forms 
are  lacking,  while  they  show  i..  their  structural  development  a  higher 
st^e  of  organisation  than  any  of  the  existing  green  Algae.     The 
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Characeae,  which  iDclude  six  genera  and  about  IGO  species,  grow  in 
fresh  or  brackish  water,  attached  to  the  bottom  and  covering  extended 
areas  with  a  mass  of  vegetation.  In  some  species  their  cylindrical  main 
axes  are  over  a  foot  in  length,  and  are  composed  of  long  InternodeG 
alternating  with  short  nodes,  from  which  short,  cyllDdrlcat  branches 
are  given  off  in  regular  whorls  with  a 
similar  structure  but  of  limited  growth 
(Fig.  263).  The  lateral  axes  are  either 
tinbranchcd  or  give  rise  at  their  nodes  to 
verticillate  outgrowths  of  a  second  order. 
From  the  axil  of  one  of  the  side  branches 
of  each  whorl  a  lateral  axis  resembling  the 
main  axis  is  produced.  The  attachment 
to  the  substratum  is  effected  by  means 
of  branching  rhizoid  out^!;rowths  from  the 
nodes  at  the  base  of  the  axes. 

Both  the  main  and  lateral  axes  grow 
in  length  by  means  of  an  apical  cell,  from 
which  other  cells  are  successively  cut  off  hy 
the  formation  of  transverse  walls.  Each 
of  these  cells  is  again  diviiftd  by  a  trans- 
verse wall  into  two  fells,  from  the  lower  of 
which  a  long,  internodal  cell  develops  witli- 
out  further  division ;  while  the  upper,  by 
continued  division,  gives  rise  to  a  disc  of 
nodal  cells,  the  lateral  axes,  and  also,  in 
the  lower  portion  of  the  main  axis,  to  the 
rhizoids.  In  the  genus  XilelUi  the  long 
internodes  remain  naked,  but  in  the  genus 
Ckarit  they  Iwcome  envelojwd  with  a  cor- 
tical layer  consisting  of  longitudinal  rows 
of  cells  which  develop  at  the  nodes  from 
the  basal  cells  of  the  lateral  axes. 
'"  Minaiiu.™  7sa"t\tt"  "  -^^  "  result  of  the  fragmentation  of  its 

original  nucleus,  each  internodal  cell  is 
provided  with  a  number  of  nuclei  which  lie  embedded  in  mi  inner  and 
actively  moving  layer  of  parietal  protoplasm.  Numerous  oval  cliloro- 
plasta  devoid  of  pyreiioids  are  found  in  the  internodal  cells,  disposed 
in  longitudinal  rows  immediately  henenth  the  cell  walls. 

Asexual  reproduction  by  means  of  swann-spores  ot  other  epoKs  is 
unrepresented  in  the  Characeae.  Sexual  reproduction,  on  the  other 
hand,  is  provided  for  by  the  production  of  egg-cells  and  epermatOKoida. 
The  female  organs  are  egg-shaped.  They  are  visible  to  the  naked  eye, 
and,  like  the  spherical  red-coloured  anthendia,  are  inserted  on  the  nodes 
of  the  lateral  axes.  With  the  exceptj^iTof  a  few  diceoions  species,  the 
CVkirncfffl*  are  moncecious.  /  ' 


/ 
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C/iara  fragilii,  a.  vtry  common  species,  may  Ite  taken  aa  a.  type  of  the  Chanuteae. 
Id  this  instance  the  sexual  organs  are  produced  in  pairs  ou  the  nodes  of  the  short 
branches,  the  satheridiiim  ia  dirocteii  downwards,  and  the  oogonium  upwards  (Fig. 
2H,  S).  The  antheridium  has  a  complicated  structure,  and  in  this  respect  exhibits 
a  liigher  stagB  of  development  than  the  similarly  named  organs  of  the  Mosses  and 
VascuUr  Cryptogams.  The  antheridium  is  attached  to  the  node  of  the  fertile  brancli 
byast«lk-ce)l  ( J ,  p)  and  a  hasal  nodal  cell  (na).  The  antheridium  has  the  form  of 'a 
hollow  sphere,  the  wall  of  which  consists  of  eight  flat  cells  termed  shibids.     The 
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four  uppermost  shields  are  triangular  ;  the  lower  four,  in  consequence  of  their 
insertioii  on  the  stalk-cell,  are  trajieziform  in  shajie.  It  is  to  the  presence  of  red 
chromataphorcs  in  the  shields  that  the  red  colour  of  the  antheridia  is  due.  In 
cnMS'Section  (Fig.  264,  A,  a)  the  walls  of  the  antheridia  seem  to  he  composed  of 
maiay  cells  in  consequence  of  the  apparent  segmentation  of  the  shields  by  the 
radial  infolding  of  tbeir  walls.  From  tbn  middle  of  the  inner  wall  of  each  shield  a 
cylindrical  cell  called  the  XAh'l'BRli;!!  (iiij  projects  inwards  towards  the  centre  of  the 
antlieridiam.  Each  manubrium  terminate.^  in  a  knob-like  cell  or  capiti'LUM,  from 
which  a  large  number  of  long  simple  lilaments  composed  of  short  cells  grow  out 
into  ibe  cavity  of  the  autfjeridium.  The  spermatozoids  are  produced  in  the  cells  of 
these  A)une>tB ;  in  eacn  cell  only  one,  hut  collectively  comprising  an  enormous 
number  (u  many  aa.40,000  in  one  antheridium).     Tlie  spermatozoids  make  their 
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esc»[ie  from  the  iiiothpr  cells  and  are  set  free  in  the  w«t«r  by  the  a«]i«ration  of  the 
shields.  They  have  the  appearance  of  tijiirally -coiled  corkt(crew-Iike  threads,  slid 
bear  two  cilia  at  their  anterior  extremity  (Fig.  TO,  A,  p.  ST).  In  the  form  of  tlieir 
spermatozoids  the  Charaaae  differ  from  the  Algae  and  bear  a  closer  resembluin 
to  the  Bryophyta  and  Pteriduphyta.  The  female  organ,  or  oogonium,  luu  a  broRDisli 
colour,  ia  oral  in  stiape,  and  somewhat  larger  than  the  autheridia.  It  is  attaclieil 
to  the  same  cell  (no)  as  the  antheridium  by  means  of  a  stalk-cell  (Kig.  204,  A,  ji]- 
Between  the  egg-cell  and  the  stalk-cell  are  interposed  a  nodal  cell  (ns)  apd 
the  so-called  "  Wundungszellc"  (r).  The  large  egg-cell,  which  is  full  of  starch  sDd 
oil  globules,  is  completely  eiiclosed  by  an  envelope  formed  of  five  spirally-windiaj; 
tubes  vliich  spring  from  the  nodal  cell.  The  enveloping  tubes  terminate  in  > 
crown  (c)  composed  of  five  cells  cut  off  from  them  by  transverse  walls.  At  the  time 
of  fertilisation  the  enveloping  tubes  seturate  a  little  from  each  other  at  the  imk 
of  the  oogonium  just  below  the  crown-cell ;  through  the  fissures  thus  made,  the 
s))ennatozoids  enter  the  egg-ceil.  The  egg,  after  fertilisation,  now  converted  into 
an  oosjiore,  becomes  invested  witli  a  thick,  colourless  wall.  The  inner  walls  of  the 
tubes  become  thickened  and  encrusted  with  a  deposit  of  calcium  carbaliit«, 
while  the  external  walls  of  the  tubes  soon  become  disintegrated  ;  the  brown  inner 
walls  of  the  tubes,  strengthened  by  their  layer  of  calcium,  ci 
covering  after  the  oosi>ore  has  fcllen  from  the  parent  plant. 

With  few  modifications,  the  structure  of  the  sexual  organs  is  the  same  in  lite 
other  Charatcac. 

The  oospore,  on  geimination,  gives  rise  first  to  a  simple,  filamentous  row  of  cells, 
the  proenibiyo.  From  the  first  node  of  the  proembryo  rhizoids  are  prodnced, 
while  at  the  second  node  there  arise,  together  with  a  few  simple  latent]  asies,  one 
or  more  main  axes,  which  finally  clevelop  into  a  full-grown  plant. 

The  formation  of  tuber-like  bodies  (bulbils,  starch-stars)  on  the  lower  part  of  the 
axes  is  characteristic  of  gome  species  of  the  Characcae,  These  tubera,  which  are 
densely  tilled  with  starch  and  serve  as  hibernating  organs  of  vegetative  reprodnc- 
tion,  ore  either  inodilied  nodes  uith  much  shortened  branch  whorls  {e.g.  in  Toly- 
pr-UopsU  ulclliijera,  when  they  are  stai'-shajied),  or  correspondingly  modified  rhiioidi 
{e.ij.  the  bulbils  of  aiara  a«prra). 

Chara  erinila  affoi-ds  the  only  example  of  Pahthenobenksis  (p.  68) 
known  in  the  vegetable  kingdom ;  its  egg-cells,  without  previous  fusion 
with  spennatozoids,  are  converted  into  spores  capable  of  further  de- 
velopment-    In  the  Flora  of  Northern  Europe  female  plants  only  are 

found. 

Class  X 

Hyphomycetes  (Fungi) 

The  Hyjihomyeetes  or  Eumijeeten  were  formerly  classified  collectively 
with  tha  MytoinijcetfS  and  HrhiMmycetes  as  Fungi.  They  are,  however, 
quit«  distinct  from  each  of  these  classes,  and  should  probably 
be  viewed  phylogenetically  as  representing  tapropbytic  or  parasitic 
forms  of  the  Chlmvjjhyreae,  in  which  a  complete  absence  of  chlorophyll 
and  cbromatophores  has  resulted  from  their  manner  of  life.  Their 
cells  are  provided  with  distinct  but,  iu  most  ^es,  very  thin  walls 


/ 
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(p.  80),  and  contain  numerous  small  nuclei  dispersed  throughout  their 
colourless  protoplasm  (Fig.  61,  p.  60).  In  the  ceil  contents  are  fre- 
quently found  flat  globules  and  also  glycogen,  but  never  true  starch. 
Of  all  the  Hifphoiiiycetes  the  group  of  the  Phycmnyceles — the  Water  or 
Algal  Fungi — although  occupying  the  lowest  position,  exhibit  the 
most  evident  connection  with  the  Chloropkyceae.  Their  resemblance 
to  the  Siplumeae,  in  particular,  is  especially  pronounced,  as  their  fila- 
mentous, vegetative  thallus  consists  of  a  single,  simple,  or  profusely 
branched  raultinuclear  cell  {e.g.  Mucor,  Fig.  369,  p.  347).  The  thallus 
of  the  higher  Hypkomycetea  ia  similarly  formed  of  much-branched  fila- 
ments, but  the  filaments  are  septate,  and  so  consist  not  of  one 
cell  but  of  a  row  of  cells.  The  filaments,  whether  septate  or 
onseptate,  composing  the  thallus  of  the  Fungi  are  termed  HYPH£; 
the  whole  vegetative  portion  of  the  thallus  formed  by  them,  the  . 
itYCELiUM.  The  hyph»  of  a  mycelium  are,  as  a  rule,  either 
isolated  or  only  loosely  interwoven;  they  spread  through  the 
substratum  in  all  directions  in  their  search  for  organic  nourish- 
ment. In  many  of  the  higher  Fungi,  however,  the  profusely  and 
irregularly  branching  hyphee  become  so  inseparably  knotted  and 
interwoven,  that  they  seem  to  form  compact  masses  of  tissue.  Where 
the  filaments  in  such  cases  are  in  intimate  contact  and  divided  into 
short  cells,  an  apparently  parenchymatous  tissue  or  PSEUDOPARKN- 
CHYMA  is  produced.  Such  compact  masses  of  hyphal  tissue  are 
formed  by  some  species  of  Fungi  when  their  mycelia,  in  passing 
int«  a  vegetative  resting  stage,  become  converted  into  ScLGRorrA, 
tuberous  or  strand-like,  firm,  pseudo-parenchymatous  bodies,  which  ger- 
minate under  certain  conditions  (Figs.  97,  98,  p.  87).  In  the  fruc- 
tifications of  the  higher  Fungi  the  hyphte  are  also  nearly  always 
aggregated  into  a  more  or  less  compact  tissue  (Figs.  95,  96,  p.  87).  The 
walls  of  adjacent  cells  or  filaments  of  the  mycelium  are  frequently 
absorbed  at  t^eir  points  of  contact,  and  an  open  communication  is 
thus  established  between  them. 

Skxual  reproduction  is  positively  known  to  occur  only  in  the 
PkyromyceUs  or  Algal  Fungi.  In  this  respect  they  approach  ou  the 
one  hand  the  Conjiigal'if,,  on  the  other  the  oogaraous  Vonfermiikae  and 
•i'iphmeae,  and  have,  accordingly,  been  divided  into  the  two  groups  of 
the  Zygomycetes  and  Ot/myceks.  In  both  groups  a  complete  reduction 
of  all  sexual  differentiation  is  sometimes  A^fested,  while,  in  the 
higher  Fungi,  the  existence  either  of  sexual  organs  or  sexual  repro- 
duction baa  not  been  certainly  proved ;  whereas  in  the  green,  inde- 
pendently asBimilating  Algae  exactly  the  reverse  is  true,  and  sexual 
differentiation  not  only  becomes  more  evident  %ut  the  sexual  organs 
more  complicated  the  more  advanced  the  development 

The  formation  of  asexual  spores  is,  on  the  contrary,  of  general 
occurrence,  and  is  effected  in  a  great  variety  of  ways.  The  produc- 
tion in  sporangia  of   large  numbers  of  ciliate  swarm-spores  is  only 


found  to  take  place  in  the  Phy corny cetous  group  Oomycetes,  which  are 
classed  on  this  account  nearest  the  VlUorophi/ceae.  In  tlie  Zygomycetes,  1\k 
second  group  of  the  PhyatmyceUs,  and  in  all  the  higher  Fungi,  the  asexual 
spores  are  non-motile,  and  invested  with  a  cell  wall  This  difference 
is  explained  by  the  mode  of  life.  Swarm-spores  are  produced  only  by 
such  Phycomyceies  as  live  either  constantly  or  occasionally  in  water ;  non- 
motile  walled  spores,  on  the  other  hand,  are  adapted  to  dissemination 
by  wind,  and  are  accordingly  peculiar  to  the  terrestrial  Fungi. 

The  manner  in  which  such  asexual  spores  are  formed  shows  great 
variation,  and  serves  as  the  principal  means  of  characterising  the 
different  groups  of  the  higher  Fungi.  Two  entirely  distinct  modes  of 
spore-formation  may  be  recognised. 

1.  The  formation  of  kndospukes  wrrniK  sporangia  by  the  divi- 
sion of  the  contents. of  the  sporangia  and  the  production  of  numerouB 
spores  by  subsequent  contraction  (Fig,  270,  p.  348).  The  sporangia 
are  situated,  as  a  rule,  at  the  extremities  of  special  mycelial  branches 
termed  sporangiophores. 

2.  The  formation  of  CONIDIA  (exospores)  by  the  abstriction  (rf 
spore  cells  from  the  ends  of  elongated  hyphfe,  which  are  for  the  moEt 
part  converted  into  special  conidiophohbs  (Fig.  276,  p.  353).  Both 
modes  of  spore- format  ion  occur  in  their  moat  primitive  form  in  the  Zygi>- 
mycetes,  in  some  cases  both  methods  are  represented  in  the  same  genera. 
Transitions  between  both  modes  of  s[>o re-formation  are  also  olMerred 
in  certain  Zygomycetes,  and  it  would  appear  probable  that  a  conidiam 
is  a  more  recently  developed  form  of  sporangium,  and  equivalent  to 
a  sporangium  with  one  spore.  In  classifying  the  higher  Fungi  which, 
unlike  the  Fliycomyeetes,  have  lost  all  indications  of  sexuality,  they 
may  be  best  treated  as  derived  from  the  Zygomycetes  and  divided 
into  two  different  series. 

In  the  FiRTT  SERIES  are  included  the  lower  and  smaller  group  of 
the  Hemiasd  and  the  higher,  more  variously  modified  group  of  the 
Asconiycdes.  This  series,  like  the  sporangia -bearing  Zygomycete,  has 
retained  as  its  principal  asexual  fructification  the  sporangium,  but 
elongated  and  modified  into  an  ahcl's  or  tubular  spore-case.  Spores, 
usually  eight  in  number  and  arranged  in  a  row,  are  produced  within 
the  asci  by  free  cell-formation  (Fig.  273,  p.  351). 

The  .SECOND  SERIES,  comprising  the  Hemibasulii  and  the  more 
highly  developed  Basidiomycetes,  has  been  derived  from  the  conidii- 
ferouB  Zygomycetes.  The  groups  in  this  series  have  retained  the 
.  conidial  fructifications,  and  developed  them  still  further  as  BASlDlJi, 
or  conidiophores  specialised  in  form  and  size  and  in  the  number  of 
their  spores.  There  are  various  forms  of  basidia,  the  most  usual 
being  that  of  the  Mushrooms  and  ToadatooTs,  where  four  spores  are 
cut  off  from  the  ends  of  a  club-shaped  support  on  four  slender  stallre 
or  STERIGMATA  (Fig.  290,  p,  368). 

In  both  the  firat  and  second  series,  in  addition  to  the  principal 
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fructifications  in  the  form  of  asci  or  basidia,  tiiere  occur  also  accrs- 
soRY  FRUCTIFICATIONS  in  which  coiiidia  of  various  forms  are  produced. 
Both  BcrieB  also  exhibit  an  increasing  complication  in  the  arrange- 
ment of  their  respective  aeci  or  baaidia.  While  in  the  simpler 
groups  the  asci  or  basidia  arise  free  on  the  hyphie,  in  the  more  highly 
developed  As'-oiiit/feles  and  £iisUliom;/refes  more  or  less  complicated 
fructihcations  are  produced,  asciis  fructifications  in  the  former,  basidia 
fructifications  in  the  latter.  In  both  of  these  last  two  groups  fructi- 
fications, externally  very  similar  and  of  a  tuberous  or  toadstool -like 
shape,  are  often  formed.  The  asci  and  also  the  basidia  are  disposed 
in  a  definite  layer  or  HYMEKium,  nliich  is  in  part  composed  of  sterile, 
club-shaped  cells  termed  paraphyses  (Fig.  290,  p.  368).  The 
bymenial  layer  covers  the  walls  of  the  external  cavities  of  the  fructi- 
fication or  is  exposed  on  ite  suHace  at  definite  points. 

In  addition  to  the  sporangia  and  conidia  there  occurs  also  a 
third  form  of  spore -formation,  the  so-calted  CHLAMYDOSPOBES  (en- 
cased spores).  These  spores  may  be  produced  by  the  !'hycomii<xtes  as 
well  as  by  the  higher  Fungi.  The  chlamydoapores  are  usually  formed 
in  rows  on  hyphte  ;  they  are  regarded  as  rudiments  of  sporangia 
or  of  conidiophores  which,  interrupted  in  their  development,  have 
assumed  the  form  of  spores,  and  like  them  serve  the  purpose  of 
asexual  reproduction  (Fig.  272,  p.  350).  On  germination  they  usually 
develop  into  either  sporangia  or  conidiophores.  The  HiijilwrnyceUn 
may  be  classified  according  to  the  following  system  of  Brefelu, 
established  in  conformity  with  the  preceding  principles. 

A.  Alffiii  Fuixgi,  Phyromyeeles,  with  unicellular  mycelium  and  sexual 

reproduction. 

Sub-Class  1.  Oomycdes,  Sub-Class  2.  Zygomycetf.<. 

With  oogaDJB  and  snthei'idiii;  Zygosixires   formed;    asexual 

Bsoxual  reproduction  uaimlly  by  reproduction   by  nieauH  ot  spor- 

means  of  swarm -ajKires.  angia  or  conidia. 

B.  Higher  Fungi,  hyph*  sejitate  and  without  sexuality. 

Series  1.  Sporanijia-bearim;  Series  2,  Conidia-b earing 

Fr."jGi.  Fungi. 

With  sporangia,  in  addition  to  conidia.  M'ich  i-ouidia  ;  uo  sporangia. 

Sub-ClasB  3,  Heiiiiaxi.  Sub-Class  5.  Heiiiilitddii. 

Sporangia  reaemblingaaci.  ConidioiilioiTsresfiubliiig  basidia. 

Sub-Glass  4.  Ascormycefes.  Sub-Class  6.  Basidirmycet'i'. 

Sporangia  developed   as  tme  Conidiopiiores  developed  as 

ascL  true  basidia. 

The  He/aioKi  and  Bemibaaiilii  ware  clasaiiied  as  Mr.iumyceles  by  Brefbld  ;  the 
Axottiytelts  and  Batidiomijcflta  as  Myarm'jn'e^. 
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Sub-Class  1.  Oomycetes 

To  the  OomijcelfS  belong  &  large  number  of  genera  which  Jive  either  . 
in  ivater  upon  decaying  organisms,  or  on  land,  parasitic  on  higher 
plants.  In  the  formation  of  their  sexual  organs,  oogonia,  and  an- 
theridia,  as  well  as  of  asexual  ewarm-sporcs,  they  often  show  a 
striking  resemblance  to  certain  of  the  green  filamentous  Algae. 
Within  this  group,  however,  a  reduction  of  all  sexual  difierentiation, 
even  to  its  complete  disapjiearance,  may  be  observed. 

I.  The  Hfmiobtrpkaridintfu  miiy  be  plocvd  lirst  in  a  aeiits  illustrating  gradual 
reductiou,  —  tlie  only  family  of  all  tlie  H)iphomyceU>  which  atill  produce  well- 
developed  si)e]'matazoidB  iu  antheridia.  Tliey  comprise  but  two  genera,  with 
altogether  only  tliree  species,  and  have  a  unicellular,  branclied  mycelium,  wliich 


lires  in  wat«r  upon  deoafitig  organic  matter.  Asexual  reproduction  is  elfect«d  by 
means  of  uniciliatc  swarm-spores,  fornted  in  large  numbers  in  terminal  H[)orangia. 
The  sexual  organs  liavc  the  form  of  terminal  oogotiia  and  antheridia  borne  at  the 
tips  of  ccilain  hyphce ;  the  former  contain  one  egg-ceil,  and  the  latter  numerous 
unicilinte  spennatozoids  (Fig.  265).  The  spemiatozoids  make  their  escape  through 
an  opening  in  tlie  antberidium  and  fertilise  the  egg-cell,  which  then  becomes  trans- 
Firmed  into  a  s]iiiiou3  oospore  In  the  formation  of  their  sexual  oi^na  there  is  an 
■evident  rescml  lance  between  the  Voth  h^ivj/wrM/iiMnc  and  the  algal  genus  (Vrfn^oNJiiwi. 
i  In  the  family  of  the  Peroiiospoicat  a  Tc<luct]on  of  seTiialitj  is  obsefTable 
in  the  anthendium  in  that  its  protoplasm  although  multiniiclear  doei  not 
diiide  into  s])i rmatozoids  All  the  numcrans  sfiecies  of  the  family  are  iiarasite<<. 
Their  profuitly  branched  unicellular  nijcelium  jienetrates  tin  ti^iULS  of  the 
higher  ]ilants  and  is  fieijuently  the  cause  of  death  In  damp  climates 
certain  specii'4  occasion  epldenuc  diseases  m  ciilti\ated  plants  and  are  highly 
destructive      Thus    th<   rajcehum  o(  Thvt'plilliora  iiijcsfaii^    the  fungus  which 
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causes  the  Potato  disease,  Uvea  in  tlie  intercellal&r  spaces  of  the  leaves  and  tubers 
of  tlie  Potato  plant,  and  by  penetrating;  the  cells  with  its  short  liaustaria  it  leads  to 
the  discoloration  and  deatli  of  the  foliage  and  tubers.     Sexnal  reproductive  organs 
have  not  as  yet  been  observed  in  this  s|)eciea.     Aeexual,  ova]  sporangia  are  formed 
'  on   long   branching    sporangiophoren 
which  grow  out  of  the  stomata,  par- 
ticularly froni  those  on  the  under  side 
of  the  leaves  (Fig.  266),  and  appear 
to  the  naked  eye  ob  h  white  mould. 
The  sporangia,  at  lirst  terminal,  are 
cut  off  by  transverse  walls  from  the 

ends  of  the  branches  of  the  sporangio-  n 

phore,   by  the  subsequent  growth  of 

which    they   become   pusjied   to  one  /<?\ 

side,   and   so  appear   to  be   inserted  /i'.?l% 

laterally.       Before     any    division    of  e'"H^''^ 

their  contents  has  taken  place,   the  \f«^^ 

sporangia  (B)  fall  otf  and  are  disseini-  ^^ 

nsted  by  the  wind  ;  in  this  way  the 

epidemic  becomes  widespread.      The  t 

development  of  swarm-si)ores  in  spor-  /S*i 

angia  is  effected  only  in  water,  and  /K^r^ 

is  consequently  jiossible  only  in  wot  &-«-"^t3 

weather.     In    this   iirocess   the   con-  V"W 

tents  of  the  sporangium  divide  into  T^ 

several  biciliate  swann  s|iorea  (C  Z>) 

Each  of  these  spores  after  escaping  D 

from  the  s]M>rangiuin  giies  nse  to  a  / 

niycelinm,     which     penetrates     the  L 

tiasQes  of  a  leaf      The   sporangium  /?! 

may  also  germinate  direttly  without  / 

undergoing  di>isioii  and  lomiing 
a  warm -spores :  It  thin  las  the  lalue 
of  a  single  spore  cut  off  from  a  simro 
pliorc,  and  in  that  lase  may  be  re 
garded  as  a  coDldium  A  similar 
transformation  of  s|>urangia  into 
conidia  is  found  in  other  of  the 
FeroansfHyreae  as  a  ri-sull  of  tlieir 
transition  from  an  a  iiiatu.  to  a  ter 
restrial  mode  of  life 

Flaaiiiopara  eilicola  an  extremely  destructne  parasite,  also  produces  copi 
oualy  branched  aporangioi  hores  and  occasions  the  False  Mildew  '  of  the  Iea\(s 
ami  fruit  of  the  Grape  vine  C^'*';  «*  Candidas  another  very  common  specieB, 
occurs  on  Cnut/frae  in  [larticular  on  Cnpvlla  bursa  paalnria,  causing  «hite 
swellings  on  the  stems  In  this  species  the  siwrnngia  are  formed  in  long  cliains  on 
the  branches  of  the  mycelium  under  the  epidermis  of  the  host-plant,  and  produce 
nnnierous  swarm -spores. 

The  sexual  organs  of  the  Feronatporene  show,  in  the  manner  of  their  formation, 
a  close  resemblance  to  those  of  the  genus  VaiKlieria  (p.  327),  They  arise  within  the 
host- plant — llie  oogonia  are  either  cut  off  by  transverse  walls  as  aphcrical  swellings 
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from  the  ends  of  the  hyp1u»,  or  sometime: 
the    anthcridiB    are    develojwd    br    septate 


iiiterualated  throughout  their  lengtli ; 
tiihular   outgrowths  just  below   the 


j   of  the  oogonium   bccniue   differentUted   iuto  one  large 

central  oosphece,   which  is  separatsd  hy  a  thin  membrane  from  the  ]wriplietal 

periplasm,  la  the  process  of  fertilisation  the  antheridium  sends  out  a  tube  which 
penelfaten  the  oogonium  imtil  it  reaches 
the  oosphere.  The  tube  then  opens 
at  the  apex  and  the  contents  of  the 
antheridiiim  pass  into  the  oosphere 
(Fig.  287).  After  the  fertilisation  of 
the  oosphere  has  been  elfected,  the 
surrounding  periplasm  l)ecomes  trans- 
formi^d  into  an  outer  spore-wall  or  epi- 

"°'o"il7fmSL!Z'°.  ,'''"' ''IT.;:    •!»"""■     The  o<.|»r.  lli.a  givM  ri«i 

idluni.    (Afwr  De  Bart  x  809  1      '    '  either  directly  to  a  germ-tube  (promy- 

celiiini)  or  first  develoja  swarm-spores. 

In  the  case  of  Peronotpora  paratiliea,  commonly  found  on  members  of  the 

Cruciferat,  the  behaviour  of  the  nuclei  h«K  been  more  closely  investigated.      The 

young  oogonium  contains  numerous  nuclei,  but  although  their  number  is  iucrea«ed 

(circa  112)  by  repeated  division,  only  one  nucleus  is  enclosed  in  the  oosphere,  the 

rest  remaining  in  the  pi'riplaam.     The  antheridium  is  also  provided  with  HBveral 

(6  12)  nuclei  of  winch  ooly  one  { asKta  int«  the  egg  cell  and  fuses  with  its  nucleus. 
3    The  SaproUgmcai.   the  third  family  of  the  Itomietltf  have  also  a  profusely 

branched  unicellular  mjcelium,  but   unlike  the  Ptr  noaporear,  they  live  in  water, 

upon   the  aurfaie  of  decaying   plautb    insects    and 

even  upon  living  fishe-<      tor  the  purpose  of  ase\ual 

reproduction    they    doveloi     terminal    club  shaped 

sporangia    which  produce  numerous  biciliate  svarm 

spores    as  lu   the  genus  Ua  lop}    ra  (p   32i)       In  the 

production   of  sexual   organs    terminal  celli  (f  the 

mycelial    h^]^ha!   arc    conierted     an    in    the    Peroiw 

sptreae    into  s]  herical  oogonia   whiUi  give  use  \a  a 

larger  (as  many  an  fiO)ur  smaller  number  ofegg-cells,  and         ^ 

less  frequently  only  to  one  (Fig.  268).    The  antheridia 

of  the   Saprolcgnieae  are   also   tubular,   and   spring 

from   the   hyphiE,   usually  just   below   the  oogonia. 

Applyiug  themselves  to  the  oogonia,  they  send  out 

fertilising -tubes  to  the  egg-colla  (Fig.  288),  which    pio.  ats.— JrWjw  poi»n»cim.   v. 

then  become  converted   into   thick  -  walied   oospores.        An  autLeriiliuiii    wllh   lito 

In  some  SaproUi/nieat  no  antheridia  are  formed,  and  in        fertlllalnji  tubes  (M  pomMiat- 

otb.™  th.y  .nly  .„«..■  oo».»..ll,  i  i„  ..d,  o^.,       2*'r°';Z',"f."." 

therefore,  all  sexual  diU'erentiation  has  been  entirely         ^  gjg  \ 

lost. 

4.  In  the  Oomycetes  are  also  included  the  Cliytriiiieae,  small  parasitic  Fungi 
whose  unicellular  mycelium  is  only  feebly  developed,  and  in  some  genera  is 
reduced  to  a  simple  saccate  cell,  completely  filling  the  host-cell.  Sesual  repro- 
duction has  been  observed  only  in  a  few  forms  ;  they  usually  multiply  by  means  of 
asexual  swann-S|K>rcB  formed  in  sporangia. 

5.  The  EiUonwphlAoreae,  finally,  take  an  intermediate  position  between  the 
Ootnycetet  and  Zygomyctiei.  They  live,  as  parasites,  in  the  bodies  of  insects  and 
caterpillars,  etc.,  and  ultimately  cause  their  death.     The  beat-known  species  is 


Jigilizedb^GoOglc 


SECT.  I  CRYPTOGAMS  317 

Emputa  Mvaaie,  which  mukea  itii  appearance  in  tlie  autumn  on  the  commoD  house 
fly-  The  mycelial  filaments  of  this  Fungus  break  out  of  tlie  abdomen  or  the 
irifected  fly,  and  give  rise  at  their  extremities  to  aaoxual  oonidia,  wliioh  are  finally 
discharged  ;  tliey  euTTOund  the  fly  with  a  white  balo  aud  spread  the  infection  still 
further.  Sexual  spoita  are  not  Itdown  to  be  formed  by  Empaia,  but  are  found  in 
other  allied  genera.  Both  oogouia  and  antberidia  have  a  similar  structure,  and 
consist  merely  of  simple  tubes  which  swell  at  the  ends  and  form  teating-Eporcs  by 
conjugation, 

Sub-Class  2.  Zygomycetes      ^B 

The  Zygoimjcetes  comprise  a  number  of  tlie  most  common  Mould 
Fungi.  They  are  saprophytic,  and  are  found  chiefly  on  decaying 
vegetable  and  animiil  substances.  The  mycelium  is  unicellular  in  this 
group  also,  and  consists  of  profusely-branched  filaments.  Swarm-spores 
are  never  produced,  asexual  reproduction  being  effected  by  non-motile 
walled  spores,  which  either  have  the  form  of  conidia  oi;  arise  endogen- 
ously  in  sporangia.  Sexual  reproduction  consists  in  tlie  formation  of 
zygospores,  as  a  result  of  the  conjugation  of  two  isomorphous  gametes, 
as  in  the  Conjugaiae  among  the  Algae. 

The  beat  known  and  most  widely  distributed  species  is  iliKor  Mucedo,  freqiLeiitly 
found  forming  white  fur-like  growths  of  mould  on  damp  bread,  preserved  fruits, 


dung,  etc.  The  finely -branched  mycelium  ramifying  in  the  substratum  produces 
a  number  of  erect  unbranched  sporangiophores  (Fig.  2Q9).  From  the  apex  of  each 
Bporangiophore   a  single  spherical  sporangium  is  cut  oif  by  a   transverse  wall. 
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which  protTUdeB  into  the  cavity  of  the  sporangium  and  forms  a  coliiniellt  (Fig. 
270,  1,  c).  The  contents  of  the  sporangium  separate  into  numaroue  oval  sporai 
embedded  in  a  mass  of  gelatinous  matter  capable  of  great  expansioD.  Tlie  wall  ef 
the  sporangium  is  easily  ruptured,  and  the  spores  are  discharged  by  the  spelling 
of  the  interstitial  mass,  leaving  the  columella  entirely  ex|>osed  (Fig.  270,  1,  5,  2). 
Under  certaiu  conditions,  instead  oC  asoxaal  sporangia,  organs  of  sexual  repro- 
duction are  produced.  The  hyphie  of  the  mycelium  then  give  rise  to  lateral;  club- 
shaped  gametophores-  Wlien  the  tips  of  two  gatnetophores  come  into  contact,  a 
conjugating  cell  jMosniete  is  cut  olT  from  each  by  a  transverse  wall  (Fig.  271, 1,  2,  3), 
The  two  cells  t^^Bl>OD  coalesce,  and  fuse  into  a  zvgorpokk,  the  outer  trail  of 
wliich  is  covered  wTlli  warty  protuberances  (4).    After  a  jieriod  of  rest  the  zygospore 
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develops  a  gcnn-tiibe,  wbieb  may  at  once-  bear  ,i  Bporangiuni  (6).  The  conjugating 
hyphee  take  their  rise  in  exactly  the  same  way  as  sporangiophores,  of  wliicli  thfy 
may  accordingly  be  regarded  as  sexually  differentiated  mdiments. 

Within  the  group  of  the  Zyy/iii^ectes  also,  a  reduction  of  suxuality  is  [lerctptible. 
Thus,  in  tlie  case  of  certain  itticuriiieae,  altliougli  the  conjugating  hyphie  meet  in 
pairs,  no  fusion  takes  place,  and  tlieir  terminal  calls  become  converted  directly 
into  spores,  wliich  are  termed  Azvunsi'iiuKS.  In  other  forms  again,  byphs 
producing  azygosporea  are  develojied,  but  remain  solitary,  and  do  not,  as  in  the 
preceding  case,  come  into  contact  with  similar  byphie. 

Both  the  size  and  number  of  sjiores  produced  in  the  sj>orangia  of  Mveor 
ifueede  are  subject  to  variation  [i-/.  Fig.  270.  1,  3).  The  sporangia  of  the  genera 
Thamniilinm  are,  on  the  other  hand,  regularly  dimorphous,  and  a  large  sjiorangiuni 
containing  many  spores  is  formed  at  the  end  of  the  main  axis  of  the  eporangiopfaore, 
while  numerous  small  sporangia,  liaving  hut  few  spores,  are  produced  hy  its 
verticil  lately  branching  lateral  axes.     The  sporan^a  may  at  times  develop  only 
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a  single  spor?,  as  the  result  of  certaiu  eooditioDs  of  food-aupply,  and  in  this  waj 

aHsume  the  character  of  conidia.     This  dimorphism  bi  eveu  more  complete  iu  the 

tropical  geniis  Choancphitra,  found  on 

the  flowers  of  Hibiteui.     In  this  case,' 

in  additioD  to  large  sporangia,  conidia 

are  produced  on  sjieclal  eonidiophores. 

There'  are,    fitialiy,   Zygomycetes   (e.3. 

ChaetoeUuliiim)    whose    ouly    asexual 

ajiopea  aris  conidia.     In  this  one  grouji 

of   the    Hy]ihamijcctta,     therefore,    all 

transitional   forms,   from   niany-spored 

sporangia    to   unicellular   conidia,   are 

represented. 

The  genua  Piloboliis,  frequently 
found  ou  dung,  possesses  a  special 
contrivance  for  the  dissemination  of 
its  spores,  which  are  formed,  like  those 
of  Afucor,  in  large  tenuiuat  aporangia. 
The  stalk  of  the  sporangJophore,  imme- 
diately below  Che  sporangium,  becomes 
swollen  and  pear-shaped;  in  conse- 
quent! of  the  increased  turgor  result- 
ing from  the  absorjition  of  water,  the 
columelU  finally  burata,  and  the  liquid 
whicll  is  thus  set  tree  tears  loose  the  1 
sporangium  and  discharges  it,  with 
great  force,  to  a  considerable  distance. 
The  siionrngiophorea  of  Pitabofus,  anil 
also  those  of  other  Mucoi-incac,  are  dis- 
tinctly positively  heliotropic  (p.  252).  Fio.  : 
For  physiological  experiments  Phijco- 
myat.  aitess  is  also  largely  used.  Itt 
H]iorangiophore9  are  constructed  simi- 
Urly  to  those  olAfucorMuceda,  hut  attain 
a  very  much  greater  length  (10-30  cm.). 


Sub-Class  3.  Hemlasci  '  js^,  0  x  circa  w.) 

This  group  includes  only  a  few  smalt  Fungi  with  a  septate  mycelium, 
which,  as  in  all  the  higher  Fungi,  develops  no  sexual  organs.  Asexual 
reproduction  is  effected  by  means  of  ascus-like  sporangia,  which,  although 
they  show  a  certain  resemblance  to  the  asci  of  the  Ascomycetes,  do  not 
produce  a  Axed  number  of  spores  of  definite  form  and  size. 

Protomyccs  pachgdeTmui,  Jiarasitio  upon  Ciclioraceae,  may  be  cited  as  a  typical 
Fungus  of  this  class.  In  addition  to  sporangia  it  produces  accessory  rructiilcatioiis 
in  the  form  of  conidia  a  1  1 1  ydospo  (1  343)  Tl  1  t  ed  f  n  1 
from  the  mycelium  ramilj  4,  tl  tiss  f  th  I  oa  pi  hj  tl  1  h  1 
enlargement  of  chains  of  hjih  1      11       h  sc  w  U    b  tl     k    ed  (I  g    2  2 

1).    ■  The   germ  -  tubes  a        gfmtl       gn        tgllmjij  bee 

converted  directly  into  sac      /   pora  g      (      J)  1  y  tl      d  I  th       j 
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small  spores,  which  are  eFentually  dJscliaTged  (4).  Brought 
into  a  nutiient  solution,  the  spores  ger- 
minate directly  and  produce,  without 
previousl;  formiDg  n  mjcelium,  otuI 
conidia  U'liich  by  a  continuous  pro- 
cesa  of  budding  give  rise  to  new  con- 
idia  (6).  Such  a  method  of  multi- 
plication of  conidla  by  budding  ia 
termed  yeast  budding,  and  the 
conidia  are  termed  yeast  i^ostdia. 
The  yeast-like  conidia  thus  arising  by 
the  budding  of  the  conidia  of  JYolo- 
nii/ca  continue  this  mode  of  repro- 
duction until  brought  in  contoct  witli 
the  host-plant,  when  they  give  rise  to 
a  mycelium  penetratiog  iCa  timue. 
Many  of  the  higher  Fungi,  in  addi- 
2  1  tion  to  theic  regular,  asexual  fructi- 

Kuixi  pnchudmnuii.    I     MthIuI    I''**'"''',    produce    similar    yeast -like 
tl  chlan  jilo«pur«<rt)    i.S.ger-    conidia  when  the  conditions  for  their 
njdosporaa   luannn  sporaiiffta;    nutrition  are  favourable.     Siich  yeast- 
Bporw    5  HpOTcsC  )gerniiii«i«d    lite  conidia  are  in  fact  often  found  in 
nature  freely  growing  in  any  sugary 
medium.     As  regards  many  of  [hem 
it  is  imiKBiaible  to  say  definitely  from 
■  Fungus-form  they  have  been  derived. 

Such  yetist  conidia  are  repreGented  by  the  beer,  alcohol,  and  wuie 
yeaat,  and  are  included  In  the  genus  Sacchawmyces.  These  Fungi  are  e8]>e- 
cially  remarkable  on  account  of  their  power  of  exciting  alcoholic  fer- 
mentation in  saccharine  sojutiona.  S.  cerevma«  ie  the  beer  yeast  used 
in  brewing,  and  ia  known  only  in  its  cultivated  form.  S.  ellii>soidevs, 
which  causes  the  fermentation  of  grape-juice  in  the  manufacture  of 
wine,  occurs  regularly,  on  the  oilier  hand,  in  the  soil  of  vineyards  ; 
it  is  therefore  always  present  on  the  grapes  and  need  not  be  added 
to  the  grape-juice.  S.  wyaxlerma  forma  a  whitish-gray  scum  {fierir  df. 
vin)  on  the  surface  of  wine  and  beer,  which  causes  their  decomposi- 

The  conidia  of  the  Yeast  Fungi  are  oval  in  shape  and  contain  a  nuclens. 
They  increase  in  number  by  a  continuous  process  of  budding(Fig.  2,  p.  11).  When 
the  substTHtum  has  become  exhausted  by  repeated  budding,  the  yeast  cells  are 
converted  into  sporangia  which,  while  externally  resembling  conidia,  give  rise 
to  a  number  of  spores.  As  the  size  and  number  of  these  spores  are  not  always  the 
same,  the  SaaJtaromyales  are  classified  with  the  Hemiasei. 

According  to  the  recent  investigations  of  Johcensbn,  the  yeaat  cells  causing  the 
fermentation  of  grape-juice  are  produced  by  the  Iiranched  filaments  of  Mould  Fungi 
which  vegetate  on  the  surface  of  the  grapes  and  form  nuineroua  conidia  {Dematiiiia 
and  Chalara  stages). 
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Sub-Class  4.  Ascomycetes 

Tiie  Aacomijceies  form  a  very  large  class  of  Fungi,  chiefly  parasitic, 
and  with  a  septate  mycelium.  Probably  without  any  sexual  mode  of 
reproduction,  they  produce  spores  asexually 
in  special  sporangia  which  have  the  form 
of  asci  or  tubular  spore-casea  (Fig.  273), 
and  give  rise  to  a  definite  number  of  endo- 
genous spores  (usually  eight  in  a  row). 

Many  Ascomyctles  are  decidedly  poly- 
morphous, and  the  same  Fungus  in  the 
course  of  its  development  frequently  forms 
both  conidia  and  clilamydosporea  as  acces- 
sory fructifications.  In  many  cases  only 
the  accessory  fructifications  represented 
by  the  conidia  or  chlamydospores  are 
known,  and  not  the  corresponding  aacuB 
fruit.  Such  Fungi  are  In  the  meantime 
classified  in  systematic  works  as  "  Fungi 
imperfecti."     Concerning  the  physiological    (. 

cause  of  the   polymorphism  of  the  Aaco-  , 

mi/cetes,  and  of  the  successive  production 
of  asci,  conidia,  and  chlamydospores,  in 
the  different  stages  of  their  development, 
but  little  as  yet  lias  been  determined. 

In  the  simplest  forms  of  AseomyreUs, 
the  Exoasd,  the  asci  are  free  and  spring 
directly  from  the  mycelium  ;  but  in  the  cai 

constitute  the  great  majority  of  the  Ascomycetes,  the  asci  are  produced 
in  special  fructifications  of  varying  form  which  consist  of  sterile  and 
fertile  or  ascogenoua  hyphse.  According  to  the  structure  of  their 
fructifications,  the  Carpoasci  are  divided  into  three  orders. 

1.  Perispoiiaceae. — The  fertile  ascogenoua  hyphse  are  enclosed  by 
a  compact  envelope  of  interwoven,  sterile  filaments.  The  ascospores 
become  free  only  on  the  disintegration  or  rupture  of  this  envelope, 
the  PERlTHECniM  (Fig.  275). 

2.  Pyrenomycelts. — The  sterile  filaments  from  a  flask-shaped  peri- 
tbecium,  within  which  is  produced  the  hymenium,  a  basal  layer  of 
erect  asci  and  paraphyses.  The  spores  are  discharged  at  maturity, 
through  an  opening  at  the  apex  of  the  perithecium  (Fig,  278). 

3.  Dmomycetes. — The  sterile  filaments  form  at  maturity  an  open, 
cnp-shaped  receptacle  or  AroTHF.aEUM  with  the  hymenium  on  its 
upper,  concave  surface  (Fig.  228) ;  or  the  hymenium  is  borne  on  the 
outer  surface   of  fleshy,  somewhat   mushroom-shaped  fructifications 
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Ordaci.  Ezouci 

or  tlitH  order,  whicii  constitutes  the  Biinple«t  group  of  Aimmycla.  in  wliicli  no 
IJtoiiilly  distinctive  fructifications  are  formed,  tlio  moat  important  genus  is  fira- 
scui.     Tlic  various  slxicies  of  EnMaacut  are  [larasitic  ou  different  trees,  and  as  tlirir 
luycelia  liiliertiate    in    tlie    tissue    of  tiie    liost- 
lilants,  tliey  cauxe  a  coiintant  recurrence  of  tlip 
'"*    same  disease.     Tlje  jjresenee  of  tlic  mycelium 
in  ttie  tissues  of  the  infected  {>art  causes  tlie 
abnormally   jirofusn   development  of   br«nclies 
known  as  Witch  es'-bwhimh.     Exoaenn  C'nrj'int 
[iroduces   tile   abnormal   growths  occurring  on 
the   Hornbeam  ;  Exoaictu  tjiiphijUus,   those  of 
Aliita  iaeaixa.     Exuaiau  de/urinana  attaeka  tlie 
leaves  of  the  Peach  and  causes  them  to  curl. 
Exoati:vs  Pruni  is  |arasitic  i[i  the  yonug  ovaries 
of  many  species  of  Pruiius,  and    uroduces  the 
'''      malformation  of  the  fruit  known  tu  "Bladder 
riunis,"    containing    a    cavity,    the    so-called 
"pocket,"  in   the  ]ilace  of  the  »tone.     In  tbo 
formation  of  asci,  individual  cells  of  the  copi- 
ously-branched mycelium  ramifying  between  the 
no.  S74.— *jijii«uj  rnui.    TisnMvcrao    epidermis  and  cuticle  of  the  infected  part  be- 
seetloi,  IhroiiEl.  U,.  epWenuis  gf  an  greatly  swollen.     These  grow  into  club- 

iriili  eiitlit  BnoPB)  <•    a   wltli  yraiat-    >'"*1'^''  tubes,  wliieli   burst  tlirougb  the  cuticle 
like    contdli   abstrlcted    rrum    tlie    and,    after   cutting   off  a    basal    stalk-cell,    are 
ainirvs;  il,  Htalk-cells  of  tlie  ucL;    usually  converted   into  asci  with   eight  sjiores 
«,  lllaiuei.ta  ot  Oie  iiifeeKum  cut    jf.ig_    274).      The    numerous    asci    are    closely 
.\rnn""^After  MiDEEEt-K  "x'wKn"     '■f°^'^'^  togetlier,  and  uuite<t  into  a  hjTiienial 
hiyer.     In  cousecjuence  of  their  increased  turgor, 
resulting  from  an  excessive  absorption  of  water,  tlic  asciis-tuhes  liccome  ruptured 
'at  their  free  extremities  and  ^ect  the  9]>ores. 

The  sitores  fre<iuently  germinate  while  still  enclosed  within  the  asci  (Fig.  274, 
"11  "4)1  ^iid  give  rise  by  budding  to  yeast-like  conidia,  e.g.  Exvateus  Prvvi, 

The  related  genus  Tnphrina  is  jjarasitic  on  leaves,  but  its  mycelium  is  not 
[lerennial.    Leaves  infected  with  this  Fungus  assume  a  sj^tted,  diseased  appearance. 

Order  3.  PeriapariaaeM 

Tliis  order,  which  includes  only  Aaaimiiceiea  with  enclosed  fructifications,  com- 
jirises  three  families ;  the  Knjiiplicae  or  Mildew  Fungi,  the  Periiporieae,  and  the 
Tubtriteeat,  Truffle  Fungi. 

1.  Tlie  Jirytiplicac  form  a  family  of  distinctive  cpi[ihytic  parasites  whose 
niycelium,  somewhat  resembling  a  cobweb,  and  ramifying  in  all  directions  over  the 
surface,  [lartieularly  the  leaves,  of  higher  plants,  sends  out  haustoria  wliich  pene- 
trate the  epidenuis  of  the  host.  The  ripe  ascus  fructifications  (Peritheeia)  u* 
black  when  matnre  and  visible  to  the  naked  eye.  In  the  simplest  forms  (e.g.  in 
the  genus  .Sphitcr-threit)  the  spheroid  |ierithecium  encloses  only  a  single  iseus 
with  eight  sj-ores.  The  ascus  arises  directly  from  the  end  of  a  fertile,  ascogenons 
hyphal  braiieh  after  the  sejitation  of  a  stalk-cell.  It  Is  envelo|ied  by  a  covering  ot 
sterile  hyjiliH'  ]>roduc«d   by  the  mycelium  at  its  base  and  forming  a  sheathing 
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layer,  two  to  three  cells  dpe[),  of  [iseudo-()arencliyma.     Tha  gtiiuB  Eri/tiphe,  oil  tlie 
other  hand,  daTeloje  in  eacli  jicritheciuiii  leveral  u^i  wliich  arise  in  branches  from 
the  ascogenous  hyphce.     The  perithecia 
■^"^-^^     '  are  irregularly  ru]ftured  at  their  apjce* 

and  the  spores  are  thus  set  free.  Before 
entering  ui>ou  tlie  Tonnation  of  [>eritliecia, 
the  Mildew  Fungi  multiply  by  means  or 
conidia  almtrictcd  in  chains  from  special,  ' 
erect  1iy|>hfe,  from  the  tip  downwards. 
Tlie  Mildew  Fiingns  of  the  Gra[)e-viae, 
Ery»ipkt  Tuclctri,  Exhibits  only  such  con- 
idial  fhlctilications  ;  its  oscus-li'uit  has 
not  as  yet  been  found  in  Euro]*.  In  its 
conidial  fornix  known  as  Oidiutn  Tvckeri, 
it  is  a  highly  destructive  {larastte  ;  to  stop 
its  ravages  it  is  customary  ta  dust  the 
vines  with  sulphur  and  copjier  suljihate  or 
to  sprinkle  them  with  Bordeaux  inistuic 
(a  solution  of  lime  anil  copper  sulphate). 
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2.  The/'(iri)jw7-i«icarecloselyrcluted 
to  the  Erysipheac,  but  are  saprophytic 
and  live  on  dccoin|iositig  organic  matter. 
To  this  order  belong  two  of  the  most 
uommon  Mould  Fungi,  Eitrulium  hct- 
bnrioTum  and  Peiiicilluim  •j/awiixi. 
Both  at  first  multiply  extensively 

In  the  case  of  Euroliitm  licrbari 


s  of  conidia  before  they  begin  to  form 
idia  are  ab^tricted  in  chains  from 
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a  number  of  Bterigmat&  ttrraDged  rodiallj  on  the  spherical,  Hvollen  ends  of  the 
eflnidiophores  (Fig.  275,  B).  The  tenidiophorea  are  cloaely  crowded  together, 
and  »itistitute  the  white  mould,  afterwards  turning  to  a  blue-greeo.  The  Fungus 
U  frequently  found  on  damp  vegetables,  fruit,  bread,  etc. 


■iTtical  section  (x  M 


Ftiiidllium  cruifniTfuni  h1»o  forms  a  very  common  blue-green  mould,  particu- 
larly  on  bread.  The  erect  conidiophorcs  constituting  the  mould  are,  in  this  case, 
verticillatuly  branched  and  bear  at  the  extremities  of  each  branch  fla8k-shai>ed 
cells,  from  which  the  chains  of  conidia  are  abstricted  (Fig.  276). 

Spherical  ])eritliecia  of  Etirolium  and  FeHicillhim  are  produced  later  on  the 
mycelium,  but  in  the  case  uf  the  lalttr  genus  they  are  only  rareiy  found.     The; 
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are  of  s  much  more  complicated  structure  tban  in  tli«  Erytipheae.  Tbey 
first  appear  as  spirally -coiled  fertile  hyptee,  which  soon  become  enveloped  hy 
other  sterile  hyphie  (Fig.  27S,  A,  B).  Entirely  eoctosed  by  a  tissue  of  pselido- 
pareucbyma,  tbe  ascogenous  iiypba  gives  rise  to  branches  penetrating  the  perithecial 
envelope  and  producing  numerous  asci  contaiuing  eight  small  round  spores  (C). 
In  the  ripe  ascua-fruit  tlie  walla  of  the  tubes  become  disorganised  and  also  the 
investing  pscudo-parencbyma,  except  the  outennoat  layer,  which,  by  suddenly 
bursting,  releases  the  s[>ores. 

3.  The  Tubtraefae  or  Truffle  Fungi  are  saprophytic  Aacomyatta  whose  mycelium 
is  entirely  subterranean,  ramifj'iug  in  humus  soil,  particululy  in  woods  under 
decaying  leavea.  They  belong  to  the  Fungi  whicb  give  riae  to  the  formations 
known  as  Mycarrhiza  (p.  210).  The  asciis  fructiUcationa  familiar  under  the  name 
of  truOics  are  underground  tuberous  bodies  (Fig.  277),  consisting  of  a  thick, 
investing,  cortical  layer  of  pseudo- parenchyma  enclosing  an  inner  mags  of  looser 
hyphal  tissue.  The  internal  tissue  is  traversed  by  air-]>assage8  {d)  and  pervaded 
by  anastomosing  veins  of  more  compactly  united  hjpho!  (e),  in  conaequenoe  of 
whicb  it  has  a  marbled  or  veined  appearance  in  cross  •sections. 

Tbe  club-shaped  a.sri  are  disposed  in  nest-like  groups  (Fig.  277,  2}  throughout 
the  interior  of  the  tuberous  fructifications,  or  tbey  form  a  hymenial  la^r  coating 
the  walls  of  narrow,  winding  chambers.  Tbe  asci  contain  only  a  small  number 
uf  spores  ;  in  the  case  of  tbe  true  truffles  (genus  Tvier)  they  are  usually  only  four 
in  number,  and  generally  have  a  spinous  or  reticnlately- thickened  opispore.  When 
the  Iructiiications  are  fully  mature,  the  sterile  tissue  in  the  interior  and  also  the 
walls  of  the  asci  disapjiear,  leaving  the  ripe  sjiorea  enveloped  uuly  by  the  outer 
cortical  layer. 

The  fructifications  o[many  of  the  TuberiKeae  arc  edible,  and  have  an  aromatic 
odour  and  taste.  Tbey  are,  for  the  most  part,  obtained  from  France  and  Italy,  and 
from  the  neighbourhood  of  the  Rhine,  where  they  are  regularly  collected  on  account 
of  their  commercittl  value  as  articles  of  food.  Of  the  edible  varieties,  the  most 
important  ore  the  so-called  black  truffles  belonging  to  the  genus  Tuber,  viz. 
Tvber  brumale,  mtlanosponim,  aeslivum,  mf>ailcri<:iim.  The  fructifications  of 
thcKe  species  have  a  warty  cortex  of  a  black,  reddish -brown,  or  dark  brown  colour  ; 
the  two  first  named  frequently  attain  the  size  of  a  man's  tiat,  and  often  weigh  over 
two  pounds.  Tbe  white  truffle,  ChoiToiiiycca  mtandrifwmit,  which  is  also  edible 
and  resembles  a  potato  in  form  and  size,  is  light  brown  externally,  but  in  the 
interior  is  white  with  yellowish  vriina.  The  Iructilications  of  Tuber  ru/um,  which 
ate  about  as  large  as  a  walnut,  and  have  a  leathery  cortes  enclosing  a  hard  internal 
substance,  are  not  edible,  nor  are  tlio.'e  of  EUipbumyca  p-aiiuUilv4,  the  Stag- 
truffle,  wiioae  yellowiah> brown  cortical  layer  is  hard  and  woody  or  corky. 


Order  3.  PynnomyostM 

The  Pyrenomycctes  comprise  au  exceedingly  varied  group  of  FiLngi,  some  of 
which  ore  parasitic  u))on  dilTereut  ijortiuns  of  plants,  particularly  on  the 
cortex  and  leavea,  and  others  are  saprophytic  ui>on  decaying  wood,  dung,  etc., 
while  a  few  genera  occur  as  jmrasites  upon  the  larvie  of  insect.^.  The  flask -shaiied 
ftuctilications  or  |)eritbecia  are  characteristic  of  this  order.  Tbe  peritbecia  ore 
ojieu  at  the  top,  and  are  covered  inaide,  at  tbe  base,  with  a  bymenial  layer  of  asci 
sad  liair-like  panipbyses  (Fig.  27S).  Tbe  lateral  walls  ore  coated  with  simlkr 
hyphal  hairs,  the  [lar^physea.  The  sjiorua  cacajie  from  tlie  peritbecia  through  the 
ajterture.     In  this  process  one  ascus  after  another  elongatea  in  consequence  of  the 
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K^tec  aUaorbeil,  and  disclmrges  its  stioTes  tiirougU  ttie  opcuing,  or  [kc  sjiores  are  set 
tree  withiu  tlie  jicritlicciB,  uud  ore  pjectud,  L'mljeddi.'d  iu  a  swollen  laasn  of  slinit. 
Tho  Bimiilest  Pyreiioiitycele!  [lOBsess  free 
]>eritliecia  growing  singly  on  tlia  incon- 
H|iicuoiii<  mjceliuni,  liuving  tlie  sppcannir 
of  sniiill  black  dots  irregularly  disposed  over 
tile  Burlkce  of  the  organic  i^abiitTstuiu,  In 
other  casea  the  formation  of  the  fructifici- 
tioiu  ia  more  conijilicated  ;  they  ariM  in 
grouia  emhedded  iu  a  cushion- or  club-shsiied, 
sometimes  branching,  mass  of  conipuT 
mycelial  hyph*  having  a  dense  pseudo- 
parenohyraatous  structure.    Such  a  fructifici- 

In  the  life-history  of  most  PyuMMytelfS 
the  formation  of  perithecia  is  i)receded  by 
the  iiroduotiou  of  Tarioua  accessorj-  fructi- 
fications, particukrly  of  conidia,  w-liich  m 
abstricted  in  diH'ercnt  ways,  either  directly 
from  the  hyphte  or  from  special  conidio- 
]ihoreB,  and  are  especially  efficacious  in  di*- 
j  seminating  the   Fungi.     Tlie  couidioiihor*. 

are  frequently  united  in  a  conidial  stroma  in 
the  form  of  iucrustationa  or  wart-  or  clnl'- 
sliaticd  mycelial  maaaes ;   they  then  coDSti- 
*''"nffo;r^t;d"nM''!^''u«r"'r'I;f^S^r    ^"^   distinct,    conidial    fructifications,     i 
lBir«|)liyBP«  ■  t,  iHTlphyies ;  m.  niyoeliBl    Special   form  of  such  conidia-fnuts  are  tlir 
liyphB'.   (After V. tavel,  x «o.)  pyinidia  iiroduced  by  many  genera-    Tl«y 

t  are   small   spherical   or  flask-shaped  bodira 

which  ill  structure  resemble  the  aacogenous  perithecia,  but,  instead  of  asci,  thfj 
give  rise  to  liraiiclied  byphal  filaments  from  the  »[iice8  of  which  conidia,  in  thi' 

lOMiiH,  are  abstntted  (Fig.  279,  1, 
2)  The  difi'erent  kinds  of  fructifica- 
tions in  the  Pyreminycetes  usually 
make  their  appearance  in  succession, 

A*  npresentativcs  of  the  Fyreiio-  ' 
mycctts  with  free  perithecia  may  be 
cited  the  numerous  species  of  the 
genus  Sphaena,  which  apiiear  as  jet 
Hack,  spherical  bodies  upon  dry  stems 
and  !ea^es  An  e\amp]e  of  a  sjiecies 
forming  a  stroma  is  afforded  by  NueMa 

c,»««fer.,m      This  Fungus  OCCU.S  on    ^^^    ,  ^  _      ^^^  ^,^,^  ^^ 

the  dried  hranches  of  di«iduous  treei        ^^^^  ^  pyenidlum  ot  ti^pfeBjnni  *w'*™'- 
and   jroducia  small,   nearly  round  or         (Aft«r  BKinu),  xSOO.)    a,  Pycnidinmu/S'"'' 
-.onuwlnt    elongated    stromata    oC    a         ir-m      M«rtm    in    i-ertic»l    swlioi^    '{»"" 
cinnamon  red   colour      At   first   the        Tllasne,  x  70.) 
stromata  giie  nie  only  to  filamentous 

conidiophores  from  wljieh  conidia  arc.  abstriLttd  hut  they  afterwards  developsuuktii 
ILHthetia      Xnlurta  hyyoxijlon,  common  on  rotten  tree-stumps,  ]iroducesan  erect. 
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branchi.'i]  stromit  wliich  attainEi  a,  htig^it  of  several  centimetres.  Ou  tliu  ti|M  of  tbc 
branches  tlie  stroma  gives  rise  only  to  conidia,  while  embedded  in  ita  central 
portion  it  bears  nnmerons  perithccia. 


10.  2fO.—C!aelc/iM  purpiimt.  A,  Myceliil  hyplinwilh  coniOin:  i 
jwlnutls ;  C,  >  wletntiiiiii  with  alrninsU ;  O,  Icmgiluilinnl  m 
nnmeniiis  perithects;  K,  >  Hiii,.-le  perltlieciuin,  miirH  hi^lily 
flljfonn  "porea;  O,  a  riiptureil  aacua  with  r-wnjiiiiti  >porps; 
Bnr.rElj) ;  C-H  after  TlLASSE ;  S  [iholograifhca  from  nature. 

Clanice/ia  jmrpurea,  the  Fungus  of  Ergot,  is  importar 
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(larticuUrly  of  Rjr.  The  ovaries  are  infected  in  early  Humnier  b;  the  lucoepareB; 
they  btcome  overgrown  nilh  tlie  hyphal  filamentH,  and  in  con«eijUence  art  deformed 
and  reduced  to  soft,  furroired  bodies.  The  myccHum  soon  bogins  to  form  conidii, 
which  are  flbslrioted  in  atuall  cluatera  from  abort  lateral  conidiophores  {Fig.  280,  A). 
At  the  sanje  time  copious  exudations  of  Hvrcet  fluid  are  extruded.  Tbis  so-called 
HONEV.DEw  ia  eagerly  sought  by  insecta,  and  the  conidia  embedded  in  it[are  thos 
carried  to  the  ovariea  of  other  [ilante,  Tlie  contdial  form  of  this  Fungus  ku 
formerly  regarded  as  a  distinct  genua  under  the  name  of  Uphacelia  legctuvi,  AFler 
the  com|)letion  of  tliis  form  of  fructitication,  and  the  absorption  of  the  tissue  of  the 
ovar}'  by  the  mycelium,  a  sclerotjum  ia  eventually  fonned  in  tbe  place  of  the  ovaiy 
from  the  bypbs  of  the  mycelium  by  tbeir  intimate  union,  eapecially  in  the 
periphery,  into  a  compact  mass  of  jjseudo-parencliyma  (Figa.  97,  98,  p.  87).  lu 
the  centre,  the  tisaue  of  the  sclerotium  consists  of  more  loosely  disposed  hypbs, 
and  is  of  a  lighter  colour.  These  elongated  dark-violet  sclbbotia,  which  project 
in  the  form  of  slightly  curved  bodies  from  the  ears  of  corn,  are  known  as  Ergot, 
SeaiU  euratUvm  (Fig.  280,  B).  The  sclerolia,  copiously  supplied  with  reserve 
material  (fat),  eventually  fall  to  the  ground,  where  they  pass  the  HTnter.  and 
germinate  in  the  following  sjiring  when  the  Rye  is  again  in  flower.  They  give  rise 
to  bundles  of  hyphsE  which  produce  long,  stalked,  rose-coloured  globular  beads  (C). 
Over  the  aurfaoe  of  the  latter  are  distributed  numerous  sunk  perithecia  {D,  £]. 
These  stalked  heads,  aevrral  of  which  arc  formed  from  tiic  same  sclerotia,  Uld 
elongate  until  they  apjwar  above  the  ground,  are  ascogenous  fructifications,  and  srs 
in  reality  stromata  with  pi'rithecia.  E^ch  j)erithecium  contains  a  number  of  asci 
with  eight  long,  filiform  awoajmres,  which  are  ejected  and  carried  by  the  wind  to 
the  flowering  ears  of  grain. 

Cvrdyeepa,  a,  genus  closely  related  to  ClaTtceja,  ia  iiarasitic  in  the  larvae  of  insect* 
and  converta  the  whole  body  of  the  infected  larva  into  a  sclerotium,  from  which  is 
eventually  produced  a  long,  club.ahnped  atronia  bearing  numerous  peritheeii. 
In  this  case  also,  a  formation  of  conidia  takes  place.  ISotri/tU  Sa$tiaHa  caiiKS 
a  disease  iu  silkworms  known  as  Muscardine.  Of  this  Fungus  only  the  conidiil 
'  fructifications  are  known,  which  ore  similarly  conatructed  to  those  of  Clavictpi,  and 
grow  all  over  the  dead  silkworm  as  a  snow-white  mould. 

Otrwi'SAL.  ~  tieealc  ronuduin  {Piiann.  genu.)  or  Ergot  is  tbe  scierotium  of 
Clavicejt  jnirju/rea. 

Order  4.  DiiOOmjrcatM 

iafinguislied  from  the  other  orders  by  their  open 
gyumocirjious  ai)otbecia,  which  bear  the  hymenium, 
lousisting  of  asci  and  iwraphyses,  freely  e:tpoaed  on 
their  upjier  surface.  The  different  groups  exhibit  great 
diversity  as  regards  the  manner  of  development  of  their 
fructiScttliona. 

The  great  majority  of  the  Disconiycetes,  of  which  the 
genus  re:i:a,  with  some  hundred  species,  may  serrf 
as  a  tyj)e,  grow  on  living  or  dead  vegetahle  subataDcet. 
csjiecially  uiton  decaying  wood,  but  sometimes  also  on 
humus  soil.  They  produce  saucer-,  bowl-,  funnel-,  or 
disc-shaped  fructifications  of  a  flealiy  or  leathery  con- 
si.itency,  and  usually  of  amall  dimonsions.  One  of  thr 
largest  forms,  rc:ha  nvranliacn  (Fig.  281),  has  seven  centimetre- broad,  irreguUrlr 
bowl-sliapcd  fructifications,  which  are  of  a  bright  orange.red  colour,  wllile  In  nuMt 
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of  th«  other  apecios  they  are  gray  or  brown.  Sucli  cvip-sliaped  fructifications  are 
not  t«nued  peritbecU  but  afothecia.  In  their  early  stages  the  apotliecia  are 
closed,  but  soon  after  the  rudi- 
ments of  tile  hymenium  are 
developed,  the  thin,  outer  en- 
velope ruptures  and  the  fructi- 
fication becomea  gyninocarpous 
(Fig.  282).  The  hymenium  ie 
aituated  on  the  inaide  of  the 
cup.  The  hypothecium,  or  that 
part  of  the  fructification  im- 
mediately beueath  the  inner 
hymenial  layer,  is  compoHed 
of  closely  interwoven  sterile 
hyphfe.  These  sterile  hyphie 
give  riae  to  the  paraphyaes, 
while  the  eiglit-spored  osci 
eroniniF  in  between  the  lara- 
rtj«.     .r.     pr«iw.d     torn   '"•,  "-"*"-  p-i*"-.    iwi™.-  •^m-i. 

'    ■^  '  .."".         sliowing  old  >nd  yomig  uci  between  the  lursphyBts. 

special       ascogenoua       hyphie,         (Aft„  Wqao»,K,  fron.  v.  T*vei..) 

which  sooner  or  laWr  become 

differentiated  as  thick  brauching  filaments,  in  the  hypothecium.     The  apotliecia 

■re  gregarious,  but  each  ia  distinct  from  Che  other. 

Sclcrotia  of  varying  form  are  produced  by  different  apecie«  of  Schrotinia.    In  the 

case  of  ScteruHnia  luberosa  they  hare  the  appearance  of  hiack  tuberous  bodies  and 

grow  upon  the  dead,  underground  rhizomes  of  Aiictnone  iiemoroaa      The  sclerotia 

of  other  speciea  are  formed  like  those  of  Clavicept,  m  infected  ovaries  {e.g. 
S.  baeearuin  upon  Fneantuiii  Miirlilltu).  In  the 
spring  the  sclerotia  germinate  and  give  nae  to  long- 
stalked  npothecia 

The  Fkacidiaceaf,  aiipcaring  on  lea\es  or  batk, 
form  a  special  gruup  of  DisfomiKcles  Rhytisina 
acerinum,  common  on  the  leases  of  the  Maple, 
belongs  to  this  family  In  the  courae  of  the  summer 
it  forms  large  blai  L  incrustations  of  [ismdo- paren- 
chyma, from  which  at  lirst  only  konidial  fructiGca- 
Cious  arise.  In  the  autumn  the  rudiments  of  the 
ajKithecia  are  formed  they  do  not  develop  into 
mature  apothecia  until  the  aucciLding  spring,  when 
they  make  their  appearance  in  the  form  of  irregular 
Dasurcs,  with  a  yellowish  hymenium  u^ion  the  crus- 
toceous  sclerotia,  which  have  remained  os'er  winter 
upon  the  dead  leaves. 

The  highest  development  is   exhibited   by  the 
jKCiiliar  fructifications  of  the  Helccllaceue  or  Morel 
Fungi,   whose  mycelium,   like  that  of  the  Tnilfle 
fungi,  vegetatfia  undergroimd  in  the  humiis  soil  of 
(1  nut.  size.)  woods,  but  produces  soft  wa.v-like  aerial  fructifica- 

tions.    In  the  genus  MonhrJ'a,  Morel  (Fig.  283),  the 

fnictificatiuns  consist  of  a  thick  erect  stalk,  bearing  a  club-shaped  or  more  or  less 

spherical  cap  or  pileus,  which  hears  Hie  hymenium,  with  its  eight-siiored  asci,  on 
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the  reticuUtely  indent^i]  exterior  surface  (Fig.  273,  p.  351).  The  MorchelLw  are 
edible,  and  liave  an  a^eeable  taote  and  smult,  in  particular  J/,  ctailenta  and  if. 
eoniea,  HetvcUa  tKulcnta,  which  JB  a\io  edible,  baa  a  whitish  stalk  and  a  dark- 
brown  pileus ;  but  Helvella  lusptcta,  with  a  reddish-brown  jiiicus  and  a  dirtjr 
flesh-coloured  stalk,  has  a  nauseous  sweetish  taste,  and  is  regarded  with  susjocioD. 
Ferpa  digitali/oriniSy  which  bos  a  long-stalked,  bell-shaped  jiileus,  is  also  edible. 
In  their  external  aptiearanoc  the  fructifications  of  these  highly -developed  Ditcv- 
mijceto  greatly  resemble  those  of  the  Bafidioiiiyrttet. 

In  the  Helvtllaccae  the  productionof  couidia  asanacceasorj  form  offructilicatioB 
is  not  known  to  occur,  but  In  the  other  Ihtcvun/crtes  the  formation  of  couidia  fre- 
quently taken  place  in  the  same  manner  as  in  the  Pi/reHoingales. 

Sub-Class  S.  HflmlbasldU 

Just  as  the  Hemiasd  occupy  an  intGrmediate  position  between  the 
sporangiferous  Zyyomyceks  and  the  Aseomi/celes,  the  Ileinihasidii  connect 
the  conidia-bearing  Zijgomyctks  and  the  Basiiliomyceles.  Their  conidio- 
phores  bear  a  close  resemblance  to  the  basidia  of  tbe  Ba^idk/mtfctles, 
but  differ  from  the  latter  in  producing  spores  less  definite  in  form 
and  number.  Both  the  Hemihasidii  and  the  succeeding  sub-class.  Ban- 
diomyedes,  are  highly  organised  Fungi  with  septate  mycelia.  They 
are  devoid  of  any  sexual  mode  of  reproduction ;  the  asexual  formation 
of  spores  is  never  effected  in  sporangia  or  asci. 

The  ffemUnisidii  comprise  but  one  order,  the  Brtmd  Fvngt.  They 
are  parasites,  and  their  mycelium  is  found  ramifying  in  higher  plants, 
usually  in  definite  organs,  either  in  the  leaves  and  stems,  or  in 
the  fruit  or  stamens.  The  Gmminme  in  particular  serve  as  host- 
plants  for  the  Brand  Fungi,  certain  species  of  which  are  in  a  high 
degree  injurious  to  cereals,  and  produce  in  the  infiorescences  of  Oate, 
Barley,  Wheat,  Millet,  and  Maize  the  disease  known  as  smut. 

At  the  end  of  its  [leriod  of  vegetation  the  mycelium  of  the 
Brand  Fungi  produces  in  or  upon  the  hoBt-i»lant  the  so-called  brand 
spores  by  the  formation  of  additional  transverse  walls,  and  hy  the 
division  of  its  profusely  branched  hypbte  into  short  swollen  cells 
(Fig.  284,  A).  The  cells  become  rounded  off  and  converted  into 
spores,  while  their  cell  walla  undergo  a  mucilaginous  modification. 
T!ie  spores  thus  surrounded  by  gelatinous  envelopes,  which,  how- 
ever, eventually  disappear,  then  become  invested  with  a  new,  tliiclt, 
double  wall,  consisting  of  a  thin  colourless  endosporium  and  a 
thick  dark  -  coloured  exosporium.  In  this  way  the  mycelium  is 
transformed  into  a  dark  -  brown  or  black  mass  of  spores.  As 
regards  the  manner  of  their  formation,  the  brand  spores  may  bo 
regarded  as  ch!amydos]>ores,  similar  to  those  formed  in  the  case  of  the 
Jlemiasci  by  I^rotomyes  (Fig.  272,  p.  350),  and  occurring  also  in 
certain  of  the  Zyriomycks  and  in  many  of  the  higher  Fungi.  In  tbe 
formation  of  chlamydospores  by  the  septation  of  the  hyphte,  an 
essentially  different  mode  of  sjwre- formation  is  exhibited  tJiao  that    . 


byGoogIc 


CRYPTOGAMS 


employed  in  producing  conidia,  which  are  abstricted  by  a  process  of 
budding  from  the  extremities  of  hyjihal  branches.  In  I'rotomyces  the 
chlamydospores  form  an  ascus-like  s|>orangium  oti  germination ;  in  the 
Smnt  Fungi,  on  the  other  hand,  they  give  rise  to  a  basidium-like  conidio- 
phore.  The  brand  spores  are  resting  spores,  they  are  scattered  by 
the  wind,  and  germinate  only  after  an  interval  of  rest,  producing 
conidiophores  in  the  succeeding  spring,  the  formation  of  which  is 
characteristicaliy  different  in  the  two  families  of  the  Brand  Fungi,  the 
Uslilagiiiac^e  and  tlie  Tilhliaeeae. 

Of  the  Usiilaginaccae,  the  moat  im]>ortant  genus  is  b'tUlago,  U.  stijctniA  ( =  U. 
Citrfcfl)  causes  the  mildew  tiiid  blasting  of  the  inflorescence  of  Oats,  Barley, 
Wheat.  The  mycelium  jieue- 
trates  the  ovary  enclosed  by 
the  palece,  and  forms  dark- 
brown  dust  -  like  IHHSMB  of 
escaping  brand  Giior«s  in  the 
place  of  the  seeds.  V.  3[aydis 
prodnces  on  the  stalks,  leaves 
and  inflorescences  of  the  Maize 
tumour  -  like  swellings  filled 
with  brand  a|iorea  in  tbe  form 
of  a  black  powder.  Other 
species  Jive  on  the  leaves  of 
different  grasses ;  while  U. 
violaaa  { =  tf.  antliernTum) 
occurs  in  the  anthers  of  vari- 
ous CuTophyllaceae  (e.g.  f 
Lytkiiii),  and  fills  the  pollen- 
sacs  with  brand  spores. 

The  brand  spores  of  Uati- 
lago  fall  to  the  ground,  and 
alter  a  period  of  rest  f^ive  rise, 
on  germinating,  to  a  sbort  tube 
which    becomes   septa  ted   by 

three  or  four  transverse  walla  (Fig.  284,  B),  and  functioning  as  a  conidiopborc,  pi-o- 
duces  egg-shaped  conidia,  both  laterally  from  tbe  upper  ends  of  tlie  int^'nuediate 
cells,  and  also  from  the  tijis  of  tbe  terminal  cell.  Wbeu  abundantly  supplied 
nith  nourishment,  and  also  on  cultivation  in  a  nutrient  solution,  conidia  are  con- 
tinuously abstricted  in  large  numbers  (Fig.  284,  C),  and  then  multiply  further  by 
budding  in  the  manner  of  yeast  cells  (C,  D).  After  the  food-anpply  of  the  sub- 
stratum is  exhausted  the  (onidia  gion  out  into  mycelial  hyphs  The  germina- 
tion of  tbi  ccnidia  in  thi.  damp  manured  soil  of  the  grain  fidds  is  accomplished 
during  a  fcapropbytic  mode  of  ixistenfe,  hut  the  hyphal  Rlanients  wbicU  are 
eventually  produced  become  jiarasitic,  and  peuetratt  the  young  seedlings  as  far 
aa  the  vegetative  cone,  uhere  tbe  mflorew:ence  takes  iti  origin  Then  the 
mycelium  continues  its  de\tlopment  and  ultimately  terminate'*  its  existence  by 
the  production  of  brand  ajiorcs      No  conidia  are  formed  on  the  host  plant  itself 

Tbe  life  history  of  the  Ttlkluiecac  is  similar  to  that  of  tbe  Ustitaijtnaceae.     The 
best  known  siiecics  are  Tilktia  Triliei  (=  T.  Varies)  and  TiUetia  laeeh,  the  Fungi 
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of  the  atink-brsnd  of  whe&t.  The  brand  Bpores  of  these  species  are  also  produced 
in  the  ovaries,  from  which,  however,  they  do  not  escape,  hut  remain  enclosed  within 
them,  fiUiug  ttie  apparently  healthy  grains  with  bl^k  brand  spores,  emellinf;  like 
decayed  fish.  In  the  first-named  si)eeiea  the  brand  aimres  are  provided  witli  a 
reticulately  Ihickened  epispore  ;  those  of  T.  latvit,  on  the  other  hand,  are  Rniooth- 
walled.  Unlike  the  Ustilagin- 
aceat,  the  germ-tube  gives  rise 
only  at  its  apex  to  filiform  con- 
idia,  which  are  dia]H)s«d  in  a 
wliorl,  and  consist  of  four  to 
twelve  spores  [Fig.  285,  1). 
The  couidia  also  exhibit  the 
[leculiarity  that  they  coalesce 
with  one  anotlicr  in  ]>airs  in  an 
H-form.  In  thia 
conidia   c 

bridge-like  ci 

ing  from  the  middle  of  the  two 
eel  In,  a  form  of  coalescence 
which  freqnently  takes  place 
between  tlie  mycelial  hyphie 
of  the  higher  Fungi.  The  fili- 
form conidia  germinate  readily, 
and  produce  sickle-Bli»i>ed  con- 
idia at  the  apex  of  tlie  germ- 
tubes.  When  abundantly  sup- 
,  plied  with  food  material,  the 
I  gerni  -  tubes  grow  into  large 
'  mycelia,  from  which  such 
'  sickle  -  sliB|>ed  conidia  me  so 
abundantly  abatricted  that 
tliey  liave  tlie  appearance  of  a 
growth  of  mould.  Thua  TiUclia,  unlike  L'itilayo,  ]>roduces  conidia  of  two  fomis  ; 
but  iu  other  particulars  the  development  of  both  groujH  is  the  same. 

To  the  TUIetiaccae  belongs  alao  Uroc'jsiis  vavlla,  Eye-atem  blight,  whose 
braud  sporea  are  formed  in  Rye  haulms. 

The  transversely  septate  conidiophores  of  the  VslilagiHaivae,  and  the  unsep- 
tato  couidiophorea  of  the  TiltcUaeeae,  produce  an  indefinite  number  of  couidia- 
In  the  group  of  the  Bnsidiumycctis,  although  botli  tyjies  of  conidiophores  occur, 
tfie  number  of  aj-orea  produced  is  definite,  and  the  conidiophores  are  then  termed 
basidia. 

The  formation  of  conidia  in  the  Ucmilasidii  represents  an  original  form  of 
asexual  s[>ore-fonnation,  while  the  dei'olopment  of  brand  a]iores  is  to  be  regarded  as 
an  interpolated,  more  recently  acquireil  mode  of  sjiore. production. 

Sub-Class  6.  Basidlomycetes 

Like  the  Asnmi/reles  the  Jlai^idioriii/cetfs  form  an  extremely  variable 
group  of  Hyphomycetes,  with  septated  mycelium  aiid  devoid  of 
sexual  reproduction.     Tiiey  are  specially  characterised  by  the  fomia- 
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tioD  of  basidia  or  conidiophorea  of  definite  Bhajie  and  size,  and  bear- 
ing a  fixed  number  of  spores,  usually  four  (in  exceptional  caaee  two, 
sii,  or  eight).     The  baaidia  appear  in  two  chief  forma:  (1)  as  PROTO- 
BASIDIA,   the   conidiophores 
of  which  are  multicellular, 
having  either  the  upper  por- 
tion divided  by  transverse 
septa  (Fig-  286,  A)  into  four 
cells,  each   of  which   givea 
rise  to  a  spore  from  a  later- 
ally inserted  sterigma,  or  the 
basidia  are   divided    longi- 
tudinally into  four  cells  (Fig. 
286,  B)  by  walla  intersecting 
at  right  angles ;    each    cell    ,    , 
terminates  in  a  long  tubular   fC    V 
sterigma;      (2)     as     AUTO-    ^^^ 
BASIDIA,    with    un  septa  ted 
conidiophores  (Fig.  286,  G),  ^'^^^-^i^^i^ilJ:^"^  t'^^ ^T.m, 

which      give     rise     at     their        (Q,  belongliig  respectively  lo  the  orifim  UrrdUait, 

apices  to  four  slender  sterig-  Tr™*iiM«M,  and  iftpntiumyciirs.  (a  ittet  TuLiw™ ; 
mata,  each  bearing  a  spore.  ft^c^ft*^  B""t-''.'^"'v.TAv.L;  ^.bxmo;  c-x 
The     transversely     divided 

protobaaidia  have  their  prototype  in  the  conidiophores  of  the  Ustihi- 
ginaceae  ;  the  autobasidia  in  those  of  the  Tilktuiceae. 

In  addition  to  con idiojih ores  differentiated  as  basidia,  the  Basidio- 
myeeies  produce  other  forms  of  conidia  as  accessory  fructifications,  also 
chlamydospores.  They  thus  possess  a  polymorphism,  in  the  forma- 
tion of  asexual  spores  in  i>lace  of  a  sexual  reproduction,  which  is 
absent. 

According  to  t!ie  form  of  their  basidia,  the  B'lsuliiniij/cdes  are 
classified  into  two  groups,  with  the  following  Enroj^an  orders. 

A.  Proiohcsid'wm'jc^les 

Order  1.    Uredinene,  baaidia  transversely  septate;    gyranocarpous. 
„      2.  Aitricularietie,  „  „  „  „ 

„       3.   Pilacreae,  „  „         ,     „    angiocarpous. 

,T     i.  Tremdlineae,    basidia    longitudinally    septate;    gymno- 
carpous. 

B.  Autobasulioinijcefes 

„      5.  Hi/menomyceks,    basidia    unseptate ;    gymnocarpous    or 

hem  ia  ngiocarpous. 
■„       6.   Gusleromyceles,  ^sidia  unseptate ;  angiocarpous. 
Of  these   orders,  the    Uredin&xe,  Hi/menomyetes,  and  Giisteromycetes 
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are  the  roost  important,  and  have  the  greatest  number  of  species,  while 
the  second,  third,  and  fourth  orders  include  only  a  few  forms. 

Order  1.  XJi«diii«ae  (Bnat  Fnngl) 
The  Fungi  of  this  order  are  all  injurious  |iai'axites.  Their  mycelium  lii-es  in 
tlic  iDteroellnlar  N]iaceN  in  tlic  tlaaiiea  of  the  liigtier  pUntN,  particularly  in  Uio 
leaves,  which  tlien  aequire  a  spotted,  rusty  spi>eaniDce.  The  Rust  Fungi  sre 
closely  allied  to  tlie  Brand  Fungi.  Like  them,  they  pi-oduce  clilamydosporea 
which  brealt  through  the  tissue  of  t)ie  host  and  form  the  rust  spots  characteristic 
of  these  Fiingi.  Tlie  germ-tuba  resulting  from  the  gerniination  of  a  chlamydoapore 
gives  rise  directly  to  a.  transversely  septate  Iiaaidium  (Fig.  286,  A),  from  which 
four  Bterigmata,  each  with  a  spore,  are  successively  developed.  Formerly  it  was 
customary  to  designate  tlie  transversely  divided  basidium  a  jH-omyoelium,  and  tlie 
basidiospores  siwridia.  The  process  of  clilamydosiiore- formation,  as  exhibited  by 
the  Uredintac,  undergoes  extensive  and  cotn|ilicated  modifications  ;  very  frequently 
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three  distinct  forms  of  chlamydoKiwrea  are  produced  by  the  same  Fungus,  at  the 

1.  Tlio  TKLEl'TOSPOKKs  (winter  s]>orcs)  wliicli,  as  typical  chiauiydospores,  prob- 
ably constitute  the  original  form  of  spores  peculiar  to  all  the  species,  are  investud 
with  a  thick  wall.  They  arc  fOTjned  at  tlie  ends  of  numerous,  closely-clustertd 
mycelial  hylihee  which  rupture  the  epidermis  in  small,  usually  more  or  less  round 
spots.  Tliey  are  fre<iuently  joined  together  in  rows  of  two  or  more  (Fig.  288, 1, 5,  (), 
and  are  produced  in  late  summer,  (award  the  close  of  the  vegetative  i>eriod.  Thej 
function  generally  as  resting  s[>ori.-s,  and  after  hiberuating.  germinate  in  tlie  spriuK 
and  deve]o[i  at  once  ha»idia,  bearing  four  sjiores.      ^ 

2.  The  VKRDUsi'UKE^  (summer  spores]  arise  in  the  same  or  similar  t>ositions  to 
the  le leu tos pores,  but  precede  them  in  developMbnt.    Tlicy  germinate  imoiediatply 

vege^tive  i 
tlio  Humme 
8S,  5  and  6). 

3.  The  jEi'imosroiiK.s,   whicli  are  iiroduoed,  prior  to  either  of  the  other  ti 


after  their  <lisaeinination,  producing  a  vege^tivc  mycelium,  and  [irovide  for  tlm      /    ^ 
lanlti plication   of  the  Fungus  during  the  summer.      Tliey  are   unicellular  and     /     ! 


iveloped  only  with  a  thin  wall  (Fig.  2SS,  5  and  6; 
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wind  to  the  haulms  of  grasses,  npon  which  alone  they  can  germinate.  The 
mycelium  thus  developed  produces,  particularly  ou  the  leaf-ahcaths,  primarily 
uredospores  (Fig.  288,  5).  They  are  unicellular,  studded  with  warty  protuberances, 
and  iiTovided  with  four  equatorially  disposed  gorm-jiorea.  In  cansequence,  the 
reddish -yellow  fat  globules  contained  in  the  protoplasin  of  the  spores  form  red 
markioga  (rormerly  termed  Urrdo  lituaris)  on  the  epidermis  of  the  host-plant. 
The  uredospores  are  capable  of  germiuatiDg  at  once  an  the  same  or  other  cereals, 
and  thus  the  rnst  disease  is  quickly  spread.  Towards  the  end  of  the  summer 
the  same  mycelium  produoes  the  black,  thick-walled  teleutospores,  which  in  this 
species  are  always  double,  being  united  in  pairs.  Each  teleulospore  is  provided 
«rith  one  germ-j>ore,  and  on  germination  in  the  succeeding  year  the  cycle  is 
begun  afresh. 

The  mycelium  of  the  Uredo  form  may  hibernate  in  winter  wheat,  and  thus  the 
mst  may  a[i[iear  in  the  spring  without  the  previous  formation  of  basidios]>oreH  or  of 

Other  Bust  Fungi,  like  Puceinia  graminis,  common  on  Oi-amineae,  and  having 
1  similar  development,  are  P.  Rubigover'a  (—  P.  ilrf  minis],  with  the  ncidium 
fonn,  jScidium  AsperifoUum  on  the  Boraginaie.,  and  P.  roraaala,  with  the  corre- 
spouding  form,  j^lddium  Shamni,  on  HAamnus. 

All  UrcdiTieae  do  not  e^ihibit  so  complicated  a  course  of  development  as  Pveeinia 
graminia.  Certain  species  produce  only  basidia  from  germinating  teleutospores 
{t.g.  Pwxiaia  JUalvafearum,  now  very  common  on  the  Jfalvaceat,  but  originally 
iotroduced  from  Chili).  Pucdaia  bittoHae  on  Polygonum  biatorla  gives  rise,  in  addi- 
tion to  teleutos]iorES,  only  to  uredospores  which  are  developed  on  the  same  host, 
Ptieeiaia  fuKa  produces  pycnidia  and  (ecidia  (Fig.  287),  and  afterwards  teleuto- 
spures  on  the  leaves  of  Anemone  nemuruia,  but  no  uredospores.  In  the  develop- 
ment of  various  forms  of  chlamydospores,  either  a  different  degree  of  advancement 
is  thus  manifested  in  the  diiferent  groups,  or  by  a  process  of  degeneration  one  or 
other  spore-form  liss  been  lost.  There  are,  moreover,  species  whose  rejiroduc- 
tion  is  effected  chieSy  or  e:iclusively  by  uredospores  or  by  scidia.  In  such  cases 
it  must  be  inferred  that  as  the  result  of  the  environment  the  production  of  teleuto- 
spores lias  been  almost  wholly  or  altogether  sujipressed.  For  example,  it  is  stated 
that  in  the  tropical  climate  of  Ecuador,  Uroiiiyfes  Fiiboe  on  Vida  Faba  multiplies 
wlety  by  means  of  uredosi>on-s. 

In  the  cose  of  the  lieteriecious  s^iecies,  it  is  only  jiossible  to  demonstrate  the 
connection  between  the  diiferent  spore  forms  by  means  of  culture  experiments.  So 
long  OS  the  relation  of  the  diiferent  rm  was  n  k  own,  it  was  customary  to 
designate  each  by  a  special  generic  nam  b  U  ed  o  ms  as  Credo  ;  the  .^idia, 
secording  to  their  structure,  as  .Ect  B  Pcrideriniuvi,    etc.      The 

generic  name  is  now  determined  by  t  u      pores,  as  they  exhibit  the 

moat  characteristic  distinctions. 

Many  of  the  IJredintae  are  injurio  lalaa  es  g  Oynt«o)pora«sill.iH  Sobinat, 
whose  teleutospores  develop  oa  jnnipe  Sa  ,  wh  the  (ecidia  and  pycnidia 
oocur  on  Pimt  Communis.  The  lecidium  produces  the  so-called  lattice  rust  on  the 
leaves  of  the  pear  tree,  and  has  been  termed  Roeatelia  cancellata.  The  Rust  Fungus 
found  on  the  needles  and  bark  of  various  species  of  pines,  and  formerly  known  as 
Pcrideemium,  la  due  to  sac-shaped  lecidia,  which  belong  either  to  the  genus  CoUu- 
aporium,  whose  uredo^and  tele ii to- forms  occur  on  the  Cumyofitac  and  BhinanHutixae, 
or  to  the  genus  Cnmartium,  with  uredo-  and  teleuto-fonus  on  P'iiifdiixiun  and 
Riirn.  Especially  destructive  to  the  tropical  coffee  culture  ia  Hemilcia  taslalrix, 
which  produces  hoth-its  uredospores  and  teleutospores  on  the  leaves  of  coifee  plants. 
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Ordw  S.  Aniicululeas 

TliG  liasidia,  »a  in  the  case  of  the  I'l-nlhiai-;  are  tranarerHely  ■u']>Utc,  with  four 
long  spoi'iferou»  sterigiiintu  ;  they  gjiring  directly  from  the  inj'i-etiuni  without  my 
previous  fonnation  of  clilamydoBfiorBs.  But  few  foinia  are  included  ia  tliis  order. 
Among  the  most  familiar  i»  AKrirularia  samlniri»a  (Judos'  ear),  found  on  old  Elder 
sterna,  [t  has  gelalinoiia,  clark-hrown  fructifications,  which  are  shell-siiaped  and  bear 
Ob  their  inuer  siden  Uie  liasidial  hymenium. 

Ord«r  3.  PilkowM 

Thia  onler  comprises  only  the  genus  /'ilai'rr.  occuiTing  on  the  liark  of  deculuons 
trees.  The  transversely  seiitato  Inaidia  with  four  lesaile  sporea  arise  within  stalkeil, 
capitate  ftuctilicsations  which  attain  only  a  small  aize. 

Order  i.  TremelliiiMM 

'Die  liasidia  are  longitiuiijially  divided  (Fig.  '28S,  B].  The  hymeniiun  ia  situated 
on  the  aurfuce  of  the  fructilicatioiis,  which  are  generally  gelatinouK  ami  irregularly 
lobcd  or  folded.  The  few  genera  included  in  this  onicr  are  saprophytic  on  decaying 
wood  and  tree-trunks,  from  whose  surface  the  ft'uetitications  are  prodneeil. 

Order  S.  Hymenomycetei 

The  Liasidia  ai'c  undivideil,  and  bear  four  s|>ore3  at  the  ajmes  of  slender  steng 
mala  (Fig.  290,  '/,  ap).     In  the  Bini[>lest  forms  these  autobaAidia  spnng  direcll} 
from  tho  uiycclinm,  but  in  the  majority  of  cases  stalked  frvietihiationa  aumiounteil 
^^  by  a  ciLp  like  expansion   the 

FlLl'ts,  are  produced  wliiih 
bear  definite  hymenial  laypia, 
cam[)ascd  in  addition  to  the 
basidia  of  paraphyses  (Fig. 
290,  }•),  and  also  of  sterile 
eyatids  (c)  or  club-shaped 
tubes  characterised  by  their 
larger  diameter  and  more 
strongly  thickened  wall.  In 
this  order,  in  contrast  to  tlie 
dvfineae,  the  fonuation  of 
chUmydoaiiores  is  of  rare 
occun'enoe,  and  ia  correspond- 
ingly of  subordinate  ini|«rt 

MoHt  of  the  Hijmenoin]!- 
ccic*  develop  their  profusely 
Kill,  am.— ficMiidi  PFiti-i.    Portion  of  Iheliyiiienlum.    i*,  Sub-    branched,  white  mycelium  in 
liyiiipniBl  Ufor;  li,  Imsidln:  s.  nterlKinata ;  j-ji,  s;iorr9 ;  ;i,    the   humua  soil  of  forests  or 
IHinlihyars;  c.  arysHil.    <x  MO.)  j,i  decaying  wood,  and  pro- 

duce frnctihcatioiis,  often  of 
considerable  size,  protruding  from  the  substratum.  The  mycelium  of  the  forms 
vegetating  in  the  soil  spreads  further  and  further,  and  dying  in  tho  centre  as  it 
exhausts  tlie  fooii  material  of  the  substratum,  occupies  continually  widening  con- 
centric zones.     In  couse'jnence  of  this  mode  of  growth,  where  the  development  lias 
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been  uudintnrlied,  the  fniotificAtiaiii  which  ftppe»r  in  autumn  form  the  Bo-c&lled  f&ir; 
rings.  These  rings  may  attain  a  diameter  of  several  metres  ;  the;  are  formed  not 
only  by  ffifrntnomycetei  (e.g.  Amanita  mtitcaria,  BoUttu  edulia),  but  also  by 
the  Morebellas  among  tbe  Atcomyeela.  A  few  Hymenomyetla  are  paraaitic,  and 
Tegetate  in  the  bark  or  wood  of  trees.  Of  SDch  parasitic  forms  Armillaria  mtllea, 
whose  myceliom  vegetates  between  the  bark  and  wood  of  Conifers,  is  a  familiar 
example.  Tbe  pro^sely  branching  mycelial  hyphn  undergo  a  remarkable  modifica- 
tion (Fig.  2B1},  and  become  interwoven  into  flat,  black  strands  from  which  fine, 
hair-like  hyphie  are  sent  out  and  penetrate  the  wood  for  tbe  absorption  of  nourish- 
aent.  It  is  from  these  strands,  known  as  Rhizohdrpha,  that  the  stalked,  capitate 
(roctiflcatlonB  are  eventnall;  produced.      In  addition  to  the  subcortical  strands, 


Flo.  291.— J  miliaria  iwllm.    For-        Fia.    20!.  —ExebaMidlaiK    TaMlnli.      Tru»ver«    Kction 
tlOD  or  ■  rhiioinDrpha  stniicl  (r)  through  the  periphery  of  ■  stem  of  Paainium:  ep, 

with  Dutun  (a)  uul  young  (b)  tpidemls ;  p,  cortical  plrenchyiu ;  n,  mycelial  hyphw  ; 

ftDctlflcatioiu.    (After  HuTio,  I/,   protruding   buidii  wlthont  atulgiuta  ;   I/',  with 

rram  V.  Tatel  ;  j  ut.  giie.)  rudimaDtary  aterigDiatt ;  V",  with  tour  spam.    (Afler 

wonoHia,  X  eso.) 

sabterrsnean  mycelial  strands  are  developed  which  pervade  tbe  soil  and  infect  the 
roots  of  other  trees.  The  rhtzomorphs  may  also  be  r^arded  as  a  form  of  sclerotja. 
Qiprinug  tttreorarita,  another  Fungus  of  this  game  family  growing  in  cow  and  horse 
dang,  forms  also  small,  round,  black  sclerotia. 

The  ffj/menomycela  are  further  classified  according  to  the  inoieamug  complexity 
exhibited  in  tbe  structure  of  their  basidial  fructification  a. 

1.  In  a  few  genera  no  distinctive  fructifications  are  formed,  and  the  autoboddia 
spring  in  irregular  groups  directly  from  the  mycelium.  Exobatidiiim  I'accinii  may 
be  taken  as  a,  type  of  this  form.  Tbe  mycelium  of  this  Fungus,  which  is  widely 
spread  in  Europe,  is  parasitic  in  the  Ericaceae,  especially  on  species  of  facdni'um  ;  it 
causes  hyperteophy  of  the  infected  parts.  The  basidia  are  formed  in  groups  under 
the  epidermis,  which  they  finally  mptnre  (Fig.  292).  In  this  genus,  as  in  many 
others,  accessory  fructiBcations  are  developed,  and  as  spindle-shaped  conidia  are 
abstricted  before  the  formation  of  the  basidia  fh>m  the  mycelium  on  the  surface  of 
the  host-plant. 
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2.  In  the  group  of  the  Thieiephiirrjie.  dlstinutiTe  &iictific&tions  of  a  aimpls  tjps 
ore  fotrnd.  Thej  are  oompoeed  of  closelj  interwoTen  bjphs,  and  form  on  the 
trunks  of  treea  either  flat,  leathery  incrustations  bearing  tlie  hjtnenium  an  their 
smooth  upper  surfaces  ;  or  the  flat  IructificationB  become  raised  above  the  substntam 
and  form  bracket-like  projections,  which  trequentlj  show  an  imbricated  arrangement, 
and  bear  the  hymenium  on  the  under  side  {,e.g.  SUrevm  himUvvi,  common  on  tbe 
stems  of  deciduous  trees). 

3.  Tbe  fructificatiODS  of  the  Cla-earitae  are  aba  gyiODOcarpous,  having  the 
hyinenium  on  their  upper  snrfaoes.     They  form  erect  whitish  or  yellow -colonred 

bodies,  either  Qeshy  and  club-shaped  or  more  or  Itm 
branched,  resembling  coral  {Claxaria,  Fig.  293).  The  larger 
profusely  branched  forms  of  this  group  are  highly  esteemed 
for  tbeir  edible  qualities  ;  in  particular,  Vlavaria  fittva, 
whose  fleahj.  yellow -col  cured  fhictifications  are  often  ten 
centimetres  high,  also  Clavaria  coraHoiela  and  Sparanii 
critpa,  which  grows  in  sandy  sail  in  Pine  woods,  baring 
fructifications  half  a  metre  thick,  with  compressed  leaf-like 
branches. 

4.  The  Hydneae  have  froctifications  with  spinous  pro- 
jections over  which  the  hymenium  eitends.    In  the  simpler 
forms  the   fructification  s  have  the  appearauce  of  incruBU' 
Fio.  »8.— Ciowria  aHraK-    'ions,  with  spinous  outgrowths  projecting  from  the  uppar 
tinea.  (Nat.  site.)  surface  ;    in  other  coses   they   have   a  stalk   termed  the 

STlPB,  bearing  an  umbrella -like  expansion,  the  PlLEl'it, 
from  the  nnder  side  of  which  the  ou^rowths  depend.  The  latter  form  is  exhiUtol 
by  the  edible  Fungi  Hydnum  ijiOn-ieatuia,  which  has  a  pileus  15  cm.  wide,  and 
Hydnum  repandum  (Fig.  294),  with  a  yellowish  Qosh-coloured  pileus. 

5.  In  the  Folyporeae  tbe  stalked  or  sessile  and  bracket- shaped  fnictificatioiu 
are  indented  on  the  under  side  with  pit-like  depresaio&e,  or  deep  winding  )iass>ga, 
or  covered  with  a  layer  of  tubes,  closely  fitted  together  and  lined  by  tbe  hymeninm. 
To  this  family  belongs  the  genus  Bolclua,  which  has  a  large,  thick -stalked  pileus, 
covetvd  on  the  under  side  with  a  layer  of 
narrow  dependent  tubes.  Althangh  many 
species  of  this  genus  are  edible  (e.g.  B. 
hUeus,  B.  fdulis,  B.  acahir),  others  are 
exceedingly  poisonous,  in  particular  B. 
Salamu  (Fig.  295).  This  latter  Fungus 
has  a  yellow  to  reddish -purple  stalk,  witli 
red  reticulate  markings  above,  while  the 
pileus,  which  may  be  20  cm.  wide,  is  yel- 
lowish-brown on  its  upper  surface,  but  on 
the  under  side  is  at  first  blood-red,  becom- 
ing later  orange-red.  Of  the  numerous 
speciea  of  the  ganiis  Pclyporiu,  P.  /omen- 
lariua,   Touch-wood,  is  ofBcinal   (Fitnous 

chiburoobum).     Its  mycelium  is  parasitic 

in  deciduous  trees,  especially  the  Beech,  pio.  m.-HW"""' "J"'«f™.  (M«M-) 
and  produces  large,  bracket  or  hoof-shaped 

perennial  fmctificationa,  30  cm.  wide  and  16  cm.  thick,  They  have  a  hsrf,  gr»y 
external  surface,  hut  inside  are  composed  of  softer,  mare  loosely  woven  hyphie,  sod 
were  formerly  used  for  tinder.     The  narrow  tubes  of  the  hymenium  are  di^waed  on 
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the  under  side  of  the  fruutiGcations  in  successive  annual  Uycra.  P.  igiiiarivt  (Fig. 
296),  which  IB  often  found  on  Willows,  and  h«3  a  Biinilat  atnietiire,  has  a  nisty- 
brown  colour,  aud  fiiniifihes,  as  it  is  much  tiarder.  a  poorer  quality  of  titider. 


Pio.  39i Soliltit  SalaMi.    (After  Kbombholz,  }  ™v  ajie.    Poisoxois.) 

ilany  parasitic  Polyporcac  are  highly  iujiirious  to  the  trees  attacked  by  them  ; 
thus  Heierobtuidion  annotam  often  causes  the  death  of  whole  forests  of  Pinee  and 
Sprace  Fira.  Memlius  liKrymans  is  an  exceedingly  dangerous  saprophytic  specie», 
attacking  and  destroying  the  timber  of  damji  honaes.  The  mycelium  of  this  Fungus 
foriDB  large,  white,  felted  masses,  giving  riae  to  autsprrad,  inegiilarly-shapeii,  pitted 
tructiGcations  of  an  oclire  or  ruaty-brown  colour,  and  covered  with  a  hymenial  layer. 
Aa  remedial  measures,  good  ventilation  should  be  secured,  and  the  wood  soaked  with 
carbolic  acid  or  jietroleum. 

6.  The  AgaTiciaau,  which  include  the  greatest  number  of  species,  hare  stalked 
fructifications,  commonly  known  as  Mushrooms  and  Toadstools.  The  under  side  of 
the  pileus  bears  a  number  of  _ 

radially  disposed  lamelln:  or 
gills  which  are  covered  with 
the  basidia- producing  by  men - 
inm.  In  the  early  stages  of 
their  fonoatioii  the  fnictilicB- 
tioDS  consist  of  nearly  spherical 
masses  of  interwoven  hyphee, 
in  which  the  stalk  and  pileus 
soon  become  dilferentiated. 
The   rudiments   of   the  stalk 

and  pileus  are  at  hret  enclosed        .|b_,|        k  f    ni  th  ■  t  t    r 

in  ■  loosely   woven  enveloj*,         attachment.    (J  iiat  »!».) 
the  voLVA.     In  the  course  of 

the  further  development  and  elongation  oF  the  stalk  the  volva  is  matured,  and  its 
torn  remnants  form  a  ring  or  sheath  at  thp  base  of  the  stalk,  but  in  many  cases 
its  development  remains  rudimentary.      The  fructifications  are  accordingly  hemi- 
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uigiocarpons,  uid  auclowd  daring  their  ekiiy  sUges.     la  the  "Fly  Huihnwm," 

Amanita  mutearia,  the  volva  is  well  developed,  And  after  its  rupture  it  is  still  tnwx- 
■ible  iu  the  white  Bcales  oooBpiououi 
on  the  red  surface  of  the  pileut,  and 
also  on  the  swollen  bas«  of  the  stalk 
(Fig.  2B7). 

In  addition  to  tbe  volva  many 
Agaricintae  develop  a  so-called 
VKLDM,  conaisting  of  a  thin  mem- 
brane of  byphal  tissue  which  ettendB 
in  young  fructifications  from  the 
stalk  to  the  margin  of  the  pileus, 
and  encloses  the  hymenial  lamelle. 
This  covering  is  afterwards  ruptured, 
and  lenains  as  a  peitdulous  ring  of 
tissue  or  an'kulus  infxbcb  encirc' 
ling  the  stalk.  This  ring  is  very 
perceptible  on  the  atalke  of  Armil- 
laria  melUa  (Fig.  291)  and  tbe 
cultivated  mnehroom  or  chanipignon 
Ptalliola  eampetlru  (Fig.  298). 

In  the  majority  of  Agaricinau 
the  lamellee  are  developed  as  free 
outgrovths  from  the  under  side  of 
the  pilens.  In  tbe  case  ot  Amanita 
muicaria  the  manner  of  tbeir  de- 
velopment is  different,  and  they  arise 

Pia.»»7.— Anunjlanutaria.  (init.slze.  i'D/w.vocs.)  by  the  differentiation  of  a  homo- 
geneous hyphal  tissue  in  the  interior 

of  the  donie-sbsped  rudiment  of  the  pileas  resulting  in  the  separation  of  tbe  byph« 

into  radial  plates.     The  lamellie  thus  formed  are  merged  at  the  margin  of  the  rudi- 
mentary pileuB  into  a  neutral  layer  of  united 

hyphie   connected   with    the    stalk.      As   the 

pileuB  expands,  this  layer    becomes    luoeened 

&om  the  lamellie  and  remains  hanging  to  the 

stalk  as  an  upper  ring,  ANS'tTLVS  suferus  (Fig.    | 

297).  ' 

Many  of  the  Hushrooms  found  growing  in 

the  woods  and  fields  are   highly  esteemed  as 

articles  of  food.     Of  edible  species  tbe  follow- 

ii^  may  be  named  :  the  common  Field-Mush. 

room,    now    extensively    cultivated,    Pmllint/t 

eampatrU  (Fig.  298),  with  whitish  pilous  i^d 

lamelhe  at    first    white,   then   turning    flesh- 
colour,  and  finally  becoming  chocolate-coloured  ; 

CanUtarellm  dbariiu,  having  an  arange-coloured 

pileus  ;  Lattarita  dilkiosu»,  which  has  a  red-      ""  —~— 

dish -yellow  pileus,   Ad  contains   a  similarly 

coloured  milky  juice  in  spefisl  hyphal  tubes  ; 

Lepiota  jyrocera,   whose   white   pileus   is    Becked    with    brown    scales  ;    Amatiils 

caaoTfa,   in  the  south  of   Europe,   ;pUted   to   the    poisonous    species   Aaunil" 
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but  having  only  >  few  Urge  patches  of  the  folva  renutioiug  attached  to 

Of  the  ininnous  AgaTtcimac  the  foUaning  are  beat  knovn  :  Amanita  muicaria 
(Fig.  297}  :  Amanila  jxinllurina,  which  has  a  brown -coloured  pilens  studded  with 
Thite  protuberances  ;  Ituiaala  emeliea,  with  a  red  pileua  and  white  lamellffl  ;  Lae- 
laniu  lorminont^,  having  a  shaggy  yellow  or  reddiab'hrown  pileus  and  white  milky 

Jbaila  gongylophora,  foand  in  South  Brazil,  is  of  especial  biological  interest. 
According  to  A.  Mullkr,  this  apeciee  is  regularly  caltivated  in  the  nests  of  the  leaf- 
cutting  ante-  Ite  mycelium  produces  spherical  Bweltings  at  the  ends  of  the  hyphee, 
whicb  become  Blled  with  protoplaam,  the  eo-oalled  Kohl-rabi  beads,  and  serve  the 
anta  as  food  niaterial.  The  ants  prevent  the  development  of  the  acceesor;  coaidiat 
fmctiBcations  peculiar  to  this  Fungus,  and  thus  continually  maiatain  the  mycelium 
iti  their  nests  in  its  vegetative  condition.  The  fructifications,  which  rarely  occur 
on  the  nests,  resemble  tlioae  at  Ama- 
nita muKiiria,  with  which  RcaUea  is 
nearly  allied. 

OFficiNAL.  —  Polypontt  firmea- 
lariut  (Fl-vcue  chihvboorum),  the 
only  officinal  species  of  the  Hyineno- 
mycetea. 

Order  0.   OBitaromyoetea 

The  OaattTtnayedet  are  distin- 
guiehed  frtjm  the  BymmamycrUa  by 
their  angiocarpous  or  enclosed  fructi- 
fications,  which  open  only  after  the 
spores  are  ripe,  bj  the  rupture  of  the 
outer  hjphal  cortex  or  prriiiium. 
The  spores  are  formed  within  the 
fructifications  in  an  inner  mass  of 
tisane  termed  the  olbga  :  it  contains 
numeroiia  cliambers,  which  are  either 
tilled  with  loosely  interwoven  hyph^ 
with  lateral  braochea  teniiinsting  in 
basidia.  or  whose  walls,  designated 
the  trama,  are  lined  with  a  bHsidiat 

The  Oarieromytctfa  are  saprO' 
phytes,  and  develop  their  mycelium 
in  the  humus  soil  of  woods  and 
meadows.  Their  fructifi cations,  like 
those  of  the  Hymtnomyates,  are  raised 

above  the  surface  of  the  substratum,     ^'"^  TM.-A^mltrma  ritgnrt.    1.  A  young  fractf- 
e««pt  in  the  group  of  the  ffy,n<,«-         "5"''""   '"    '"'Sltudtn.l   aectiop.    .h««i„g   ih* 
•^j,..  lu  uu     B       [.        -"        s       «!  cli*mb*rs ;  2,  portion  ot  the  interwoven  hypb* 

gattreae,  which  possess  subterranean,         ,^u,  buldia,  wbich  ail  the  chambers.     (After 
taberone     fructifications     resembling        Tulashe,  rtom  v.  Tivci.) 
those  of  the  TuberMnac, 

The  fructifications  of  the  different  genera  eihibit  great  diversity  in  their  struc- 
ture and  mode  of  formation. 

The  fructifications  oi  Sderodenna  mdgure  (Fig.  S99)  have  a  comparatively  simple 
2C 
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They  are  nearly  spherical,  ususll;  about  5  cm.  thick,  and  haTe  a  thkk, 
light  browD,  leathery  peridiiim  Khicli  finally  becomeB  oraclted  and  rupturfd  at  the 
apex.  Tlie  gleba  ie  black  when  riiie,  and  conlaiDS 
uvuneroiiB  chambers  filled  with  interwoven  hypha  which 
produce  lateral,  (lear-Bhaped  basidia  with  four  eemile 
apores  (Fig.  2S9,  2).  This  species,  which  is  oonaidered 
poisonoua,  is  sometimes  mis- 
taken for  one  of  the   Truffle 

The  genera  Baviata  and 
Lycoperdon  (Puff-balla)  have 
Fio,  SOD.  —  CirucUmlsn  rtt-  also  spherical  fructifications, 
jart.  LangitudiDHl  BMUon  which  are  at  first  white,  and 
Qt  B  clMed  frucuaciUon.  i,t^,  ^f  ,  brown  colour.  In 
'""■'  the  last-named  genus  thej  are 
also  stalked,  and  in  the  case 
of  LycoperdoH  Boriala  may  eren  become  half  a  metre  in 
diamet«r.  The  peridiiiin  is  formed  of  two  layers  ;  the 
outer  disappears  at  maturity,  white  the  inner  dehisces  at 
the  summit.  The  hymenial  layer  of  basidia,  in  the  Fungi 
of  this  group,  line  the  chambers  of  the  gleba.  The 
chambers  are  also  provided  with  a  fibraus  capillitium  con- 
sisting of  brown,  tbick-walled,  braochcd  hypha  which 
spring  from  the  walls,  and  in  ripe  frnctiBcatioos  fill  the 
whole  internal  cavily  with  a  brown,  fibrous,  felted  mass 
containing  the  spores.  The  fibres  correspond  biologically 
to  the  capillitia  of  Itlyjiomycetes,  although  different  mor- 
phologically. The  fructifications  are  edible  while  still 
young  and  white,  and  have  an  agreeable  taste,  but  wben 
ripe  Chey  are  dry,  and  were  formerly  used  for  stopping 
the  flow  of  blood. 

In  the  related  genus  Oe/ufer  (Eartli-star)  the  [leridia 
of  the  nearly  spherical  fructifications  are  also  cumpused  of 
two  envelopes.  When  the  dry  fruit  clehisces,  the  outer 
envelope  splits  into  several  stellate  segments  and  the 
inner  layer  of  the  ]>eri(iium  becomes  perforated  by  an 
apical  oi)ening. 

The  fmctilicationa  of  Crueibttl'um  and  of  other  related 
genem   have  an    altogether   different    stnicture.      They    l 
develop  on  rotten  wood  or  on  tlie  ground  as  small  white   I 
or  brown,  cii])-ahaped  bodies  (Fig.   300],  containing  a 
number' of  stalked  or  sessile,  thick-walled  pcridiola.     The    ' 
pendiota  are  prodnced  by  the  differentiation  of  the  internal 
tissue  of  the  glclta,  unused  (>ortions  of  which  beconie  dis- 
solved.    They  are  lenticular   in  shape,   aud  enclose  an 
inner  cavity  lined  with  the  hymcniuni.      The  fructifica- 
tions are  at  fiiat  closed  ;   when  nipturt?d,  the  peridium 
forms  a  cnicible- shaped  receptacle  containing  the  peridiola,        i^n^  Kroh 

The   highest   development  of   the   fructifications   is        ilu.) 
exhibited  by  the  Phalloidfoc,  of  which  I'hallta  impndictia 
(Stink-horn)  is  a  well-known  example.    This  Fungus  is  ueiuUt  regarded  as 
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biit  no  poisODOua  eflects  have  been  proved.  It  was  (armerly  employed  iu  a  salve 
SB  a  remedy  for  gout.  Its  rnictilication  recalls  that  of  tbe  Discomycetous  Jfor- 
chella,  but  it  has  quite  a  dlRerent  manner  of  development.  A  fructiiicBtion  of 
this  species  of  Piailita  is  about  IG  cm.  high.  It  has  a  tliick,  boUow  stalk  of  a 
white  colour  and  is  perforated  with  pores  or  chambers.  Sui'moDuting  the  stalk  is 
B  bell-shaped  pUeus  covered  with  a  brownish -greeu  gleba  which,  when  Ttpe,  is 
converted  into  a  slimy  mass  (Fig.  301).  When  young  the  fructification  forms 
a  white,  egg-shaped  body,  and  ia  wholly  envelo]ied  by  a  double -walled  peridium 
with  an  intertue<1ia]  gelatinous  layer.  Within  the  fehiiiium  (also  termed 
rolva)  the  hyphal  tissue  becomes  differentiated  into  the  axial  stalk  and  the  bell- 
ahaped  pileua,  carrying  the  gleba  in  the  fonn  of  a  iuhhs  of  hjjihsl  tissue,  which 
contains  the  chambers  and  basidial  hymenium.  At  maturity  the  stalk  becomes 
enormoDsly  elongated,  and  pushing  through  the  ruptured  peridium  raises  tbe  pileus 
with  the  adhering  gleba  high  above  it.  The  gleba  then  deliquesces  into  a  dropping, 
slimy  moss,  which  emits  a  carrion-like  stench  serving  to  attract  flies,  by  whose 
agency  the  spores  embedded  in  it  are  disseminated. 


Lichenes  (Lichens) 

The  Lichens  are  symbiotic  organisms  (p.  213);  they  consist  of  higher 
Fungi,  chiefly  the  Aseomijcetes,  more  rarely  Biistdimnyceles,  and  uni- 
cellular or  filamentous  Algae,  Schiit^kyceae  or  Chlorophyceae,  living  in 
intimate  conaecbiou,  and  together  forming  a  compound  thalliis  or 
CONSORTIUM.  Strictly  Speaking,  both  Fungi  and  Algae  should  be 
classified  in  their  respective  orders ;  but  the  Lichens  exhibit  among 
themselves  such  an  agreement  in  their  structure  and  mode  of  life,  that 
it  is  more  convenient  to  treat  them  as  a  separate  class. 

In  the  formation  of  the  thallus  the  algal  cells  become  enveloped 
by  the  mycelium  of  the  Fungi  in  a  felted  tissue  of  hyphse  (Fig. 
302).  The  Fungus  derives  its  nourishment  saprophyticaliy  from  the 
organic  matter  produced  by  the  assimilating  Alga,  without  at  the 
same  time  behaving  as  a  parasite  and  injuriously  interfering  with 
its  vegetative  activity.  The  Alga,  on  the  contrary,  derives  a  definite 
advantage  from  its  consortism  with  the  Fungus,  receiving  from  it 
inorganic  substances  and  water.  From  the  symbiosis  entered  into  by 
a  Lichen  Fungus  with  an  Alga,  a  dual  organism  results  witli  a  distinct- 
ive thallus,  of  which  the  form,  which  is  influenced  by  the  mode  of 
nutrition  of  the  independently  assimilating  Alga,  differs  greatly  from 
that  of  other  non-symbiotic  Hyphomycetes  with  thalli  consisting  solely 
of  profusely  branched  hyphas. 

In  their  adaptation  to  the  requirements  of  tbe  two  constituent 
members,  the  thalli  of  the  Lichens  exhibit  a  variety  of  forms  which, 
although  sometimes  made  use  of  as  a  means  of  classification,  are  of  no 
value  in  indicating  natural  relationships. 
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The  simplest  Lichens  are  the  filauentous,  with  a  filiform 
brsDched  thalius  consisting  of  algal  filaments  interwoven  with  Fungus 
hyphte.  An  example  of  such  a  filamentous  form  is  presented  by 
Epkehe  puheKfns.  This  Lichen  is  found  growing  on  damp  rocks  in 
short,  delicately  bi-anched  tufts,  and  consists  of  thick,  multicellular 
filaments  of  the  blue-green  Alga  Sirosiphon,  whose  gelatinous  cell  walls 
are  pervaded  by  the  hyphte  of  a  Pyrenomycetous  Fungus. 
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Another  group  is  formed  by  the  gelatinous  Lichens,  whose 
thalius,  usually  foliaceous,  is  of  a  gelaiiiious  nature  (e.ff.  Collfma). 
The  Algae  inhabiting  the  thalli  of  the  gelatinous  Lichens  belong  to 
the  families  of  the  Chroococcaceae  and  Nosiocaceae.  Aa  is  characteristic 
of  the  Nostocs,  their  ceil  walls  are  swollen,  forming  a  gelatinous  mass 
traversed  by  the  hyphfe  of  tlie  fungus.  The  genus  Collema  is  an 
example  of  this  group. 

In  both  the  filamentoiis  and  gelatinous  Lichens  the  Algae  and 
Fungus  hyphfe  are  unit'ormly  distributed  through  the  thalius,  which 
is  then  said  to  be  unstraCiGed  or  homoiomkrous.     The  form  of  the 
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thallus  of  the  homoiomerous  Lichens,  particularly  of  the  filamentous 
forms,  ia  determined  by  the  Alga& 

In  other  cases  the  Lichens  have  stratified  or  HBterombrocs  thalli ; 
their  form  is  then  determined  essentially  by  the  Fungus.  The  en- 
closed  Algae  are  usually  termed  gonidia.  They  are  arranged  in  a 
definite  gonidial  layer  covered,  externally,  by  a  cortical  layer, 
devoid  of  algal  cells  and  consisting  of  a  pseudo-parenchyma  of  cloeely- 
woven  hypbse.  It  is  customary  to  distinguish  the  three  following 
forma  of  beteromerous  Lichens. 

1.  Ckustaceous  Lichens,  in  which  the  thallus  has  the  fonn  of 
an  incnistation  adhering  closely  to  a  substratum  of  rocks  or  to  the 
soil,  which  the  hyphte  to  a  certain  extent  penetrate. 

2.  FouACEOUS  Lichess  (Fig.  303),  whose  flattened,  leaf-like  lobed 
or  deeply-cleft  thallus  is  attached  more  loosely 

to  the  substratum  by  means  of  rhizoid  hyphie, 
springing  either  from  the  middle  only  or  irregu- 
larly from  the  whole  under  surface. 

3.  Frcticose  LicHENa  (Fig.  304),  with  a 
filamentous  or  band-like  thallus  branched  in  a 
shrub-like  manner  and  attached  only  at  the 
base.  They  are  either  erect  or  pendulous,  or 
may  sometimes  lie  on  the  surface  of  the  sub- 

.      .  Fio,  SOS.— XanHorin  parielltux 

»'™'^1"-  on  .  pleM  or  b«r  (Nat. 

The  manner  in  which  the  Fungus  unites       tta.) 
with  the  Alga  may  be  seen  from  the  adjoining 

figure  (Fig.  302)  showing  the  mode  of  formation  of  the  orange-yellow 
thallus  of  Xanthoria  parieiina,  a  foliaceous  Lichen  frequently  occurring 
on  tree-trunks  and  walls.  The  branching  germ-tube  produced  by  the 
germinating  ascoapore  (Fig.'  302,  1,  sp)  of  a  Fungus  belonging  to  the 
order  DiscomyceUs  has  already  formed  an  intimate  union  with  two 
algal  cella  of  the  Protococcoideous  genus  Cyslococcus,  which  furnishes 
the  gonidia  of  this  Lichen,  By  the  repeated  branching  of  the  hyphse 
they  entwine  more  completely  round  the  group  of  Cystococcus  cells  and 
form  the  thalloid  rudiment  (Fig.  302,  2),  from  whose  continued  growth, 
accompanied  by  the  division  of  the  algal  cella,  the  closely-woven  hyphal 
tissue  of  the  thallus  of  the  mature  Lichen  is  produced. 

In  their  natural  condition  the  germinating  spores  of  the  Lichen 
Fungi  appear  to  be  capable  of  continuing  their  further  development 
only  when  they  are  enabled  to  enter  into  symbiosis  with  the  propter 
gobidia.  For  a  few  genera  of  Lichens,  however,  it  has  been  determined 
that  the  Fungi  sometimes  exist  in  nature  without  the  presence  of  the 
Algae;  it  has  been  shown  that  the  tropical  Lichen,  Ci/ra  pavonia, 
whose  Fungus  belongs  to  the  order  Hijmenomycetes,  may  produce 
fructifications  even  when  deprived  of  its  Alga,  which  have  a  form 
resembling  those  of  the  Fungus  genus  Thelephora.  Smalt  thalli  have 
also  been  successfully  grown  from  the  spores  of  certain  Lichen -forming 
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Ascotnycetes,  cultivated  without  Algae  and  supplied  with  a  proper 
uutrient  solution. 

In  the  formation  of  a  fully-developed  Lichen  from  the  rudimentary 
thallus  (Fig.  302,  2)  the  hyphal  tissue  usually  becomes  differentiated 
into  a  thick  cortical  layer  of  pseudo-parenchyma  and  into  a  more 
loosely  woven  medullary  layer,  with  the  zone  of  gooidia  entwined  by 
hyphie  between  the  two.  These  different  zones  are  most  plainly 
seen  in  the  fruticose  Lichens,  among  which  the  Beard  Lichen,  Usnea 
barbata  (Fig.  304),  has  deveIo])ed  in  the  medulla  a  mechanical  system 
consisting  of  a  firm  hyphal  strand.  Both  the  upper  and  under  surfaces 
of  the  foiiaeeous  Lichens  are  usually  covered  with  a  cortical  layer. 
The  medullary  layer  lies  in  the  middle,  between  the  two  cortical 
layers,  while  the  gonidia  form  a  layer  between  the  upper  cortex  and 
medulla.  A  cortical  layer  is  present  only  on  the  upper  side  of  most 
foiiaeeous  and  crustaceous  Lichens,  or  if  present  also  on  the  under 
side,  it  is  developed  merely  on  the  margins ;  the  medullary  layer  then 
lies  directly  upon  the  substratum.  The  thalli  of  the  Lichens .  are 
attached  to  the  substratum  by  rhizoid  hold-fasts,  ruizines,  which 
consist  of  hyphte  resembling  root-hairs. 

Many  Lichens  are  able  to  multiply  in  a  purely  vegetative  manner, 
by  means  of  loosened  pieces  of  the  thallus,  which  continue  their  growth 
and  attach  themselves  to  the  substratum  with  new  rhizines.  The 
majority  of  the  heteromerous  Lichens  possess  in  the  gooidial  layer 
another  means  of  vegetative  midtipli cation  by  forming  SOREDIA. 
In  this  process,  small  groups  of  dividing  gonidia  become  closely 
entwined  with  mycelial  hyphse,  and  form  small  isolated  bodies  which, 
on  the  rupture  of  the  thallus,  are  scattered  in  great  numbers  by  the 
wind  and  give  rise  to  new  Lichens. 

The  fructifications  of  the  Lichens  are  produced  by  the  consorting 
Fungi,  not  by  the  vegetating  Algae.  The  Fungi  belong  chiefly  to  the 
Disamtycehs ;  a  few  genera  to  the  Pyrevmnycetes ;  and  only  a  single 
genus  to  the  HymenomijeHeK  In  conformity  with  the  nature  of  their 
constituent  Fungi,  the  first  two  groups  are  classified  as  AscolUkews, 
the  third  as  Hymenolkhenes. 

1.  Ascolicbenes 

(n)  The  DismHchttui  or  Licheiiea  gymniKarpi  produo*.  as  the  oscus-fruit  of 
their  Fungiis,  chiefly  cupuUr or  di-scoid  apothecia.  sessile  or  somewhat  depressed  on 
the  thallus.  la  structure  they  resemble  those  of  tlie  Fezizeae  (Fig.  282),  and  bear 
on  their  u]i]>er  Side  an  hymenium  ofaBci  and  i)aralihy8es.  Oue  of  the  corumooest 
speeivs  of  fruticose  Licheus  belonging  Co  this  group  is  Unua  barbaia,  the  Beard 
Lichen,  frequently  occurring  on  trees  and  having  large,  fringed  apothecia  (Fig. 
304).  Rorcella  tinctoria,  another  member  of  the  Discolidteats,  found  widely 
distributed  on  tlie  rocka  of  tbo  Africaa  coast  and  Eaat  Indies,  has  an  erect,  vemiifomi, 
forked  thallus  from  which  litmus  and  orcliil  (oraeille)  are  obtained.  Cciraria 
iilandiix,  Iceland  Moss  (Fig.  305),  occupies  an  intermediate  position  between  the 
fruticose  and  foiiaeeous  Lichens.     It  has  a  divided,  foiiaeeous  but  partially  erect 
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thslliis,  which  is  of  a  light  bluish  green  or  brown  colour,  whitish  on  the  under  aide, 
&Dd  bears  the  spothecia  obliquely  on  its  margin.  This  Lichen  is  found  iu 
mountainous  regions  in  tlie  northern  ^lart  of  the  Nortbem  Hemisj>here,  and  also  at 
Cape  Horn  :  it  has  an  officinal  value  aa  a  demulcent.  Xanlktrria  parittina 
(Fig.  303)  may  be  taken  as  an  example  of  one  of  the  commonest  of  the  foliaceous 
Lichens.  The  thallus  is  orange-yellow  in  colour,  and  bears  numerous  a[iothecia  on 
its  central  portions.    Oraphii  leripta  may  be  cited  as  a  well-known  example  of  the 


s  Lichens  ;  its  giajiah  white  tballus  occurs  on  the  bark  of  trees,  par- 
ticularly of  the  Beech,  on  whose  surface  the  apothecia  are  disposed  as  narrow,  black 
farrows  resembling  writing.  To  the  crustaceoiis  Lichens  belongs  also  .Sphaero- 
thoUia  eBcalrrUa,  growing  on  rocks  in  the  steppes  and  deserts  of  North  Africa  and 
Asia.  The  thallus  falls  into  small  pieces  the  size  of  a  pea ;  scattered  by  the  wind 
tlirjy  are  ntilised  by  the  Tartars  in  the  preparation  of  earth-bread.  The  North 
Eurojiean  cruslaceous  Lichen  Ochroltcliia  lartarea  alTords,  like  Hoccella,  litmus  aud 
red  indigo. 

A  peculiar  mode  of  development  is  oshibitud  by  the  genus  Cladonia,  whose 
primary   thallus   consists   of   small   horizontal   scales 

attached  directly  to  the  ground,  from  which  rises  an  ^?t3Mt   ^^^a'^ 

erect  portion,  the  podetium,  of  varying  form  and  struc-  fif-T^    CfiikJi^ 

ture  in  the  different  species.     In  some  cases  the  podetia  '^-f        ^\  '  ^ 

are  stalked  and  funnel-shaped,  bearing  on  the  margin  [■:"  •3' 

or  on  outgrowths  from  it  knob-like  apothecia,  which  ,' /  jJ^J 

in  C  pifBidata   are  brown,   in   C.   cocdfcra  {Fig.   30fi)  C  13  ^  '' 

bright  red.      In   other  species   the  erect  [)odetia  are         "t!aS      G4  >\     t 
slender  and  cylindrical,  simple  or  forked  ;  in  C  ronyi-  ^^^j^'^ 

feriiia,  Reindeer  Moss,  which  has  a  world-wide  distri-    ^        sOO— CTudon'      ctrdfra 
bution,  parHcularly  in  the  tundras  of  the  North,  the        ,'^  Scalw  of  priiimry  thalins! 
podetia  are  finely  branched  (Fig.   307),  and  bear  the        (K«i.  bIje.) 
■mall   brown  aiwthecia  at   the   eiids  of  the   branches. 
Freqnently  the  i>odetia  of  this  species  aud  often  also  of  the  others  remain  sterile, 


'^".ooglc 


SSO  BOTANY  PABT II 

and  the  aecogenauB  hjphee,  although  differentUted  id  the  interior,  do  not  succeed 
iu  prodncing  seci. 

In  addition  to  the  ucogenaus  (ruotificatious,  the  DJacomjcetoua  Licheiu 
produce  accessory  fructifications  in  the  form  of  ptcnidia,  which  abstrict  and 
eject  small  conidia.  Fig.  30S  shows  such  a  pycnidium  of  the  common  foliaeeous 
Lichen  AnajHychia  citiarit.     The  pycnidia  arise  on  the  surface  of  the  thallua 


ilerile ;       Pio,  S08.-S«lion  through  ■  pycnidiuiu  (»p)  In  th« 
ot  the  thallus  of  Anait)iAUi  MUtrti;  t,  oorticiU  layer  ; 

M,  medullary  layer;  3,  goaitllal  layer.    (xSO.) 

(Fig.  308),  or,  as  in  Celraria  itlaiidiea,  they  may  b«  produced  on  the  margin  in 
small  wart-lihe  protuberances.  In  the  Cladonias  they  occur  on  the  same  fructifica- 
tions as  the  ascogenous  hymenium  or  on  others  similar  to  them.  The  pycnoepores 
were  formerly  called  spermatia,  and  erroneously  regajiled  as  male  sexual  cells ;  the 
pycnidia  were  then  termed  spermogouia. 

(b)  The  Fyrenolichines  or  Lichenei  anffioearpl  have  flaak.shaped  perithecja, 
similar  to  those  of  the  PyTenoniyctUl,  and  also  develop  pycnidia.  To  this  group 
belong  only  a  few,  for  the  most  part  crnstaceous  Lichens  {t.g.  the  Verrucarias,  the 
foliaeeous  genus  EiidoaiTpon,  etc.). 

2.  HymenoUchenes 

The  Hymtnoliehtixes  are  represented  only  by  the  tropical  Cora  pavOKia,oi  ■k^ksYi 
the  genera  Diclycnema  and  Laudatea  are  only  specially  differentiated  forme.  The 
Fungus  of  this  Lichen  belongs  to  the  family  TheUphoreae  (p.  370) ;  its  flat,  lobed, 
and  often  imbricated  fructifications  are  aleo  found  entirely  devoid  of  Algae.  In 
Hymbioeis  with  the  unicellular  Alga  ChTOoeoeaw,  it  forms  the  fructifications  of 
Cora  pavonia  (Fig.  309),  resembling  those  of  the  Thelephoraa  with  a  channelled, 
basidial  hymeuiiini  on  the  under  side.  Associated  symbiotically,  on  the  other 
hand,  vrithfilamentsof  the  btue-green  Alga  A-i/fonenta,  if  the  Fungus  preponderates, 
it  produces  the  bracket-like  Lichens  of  the  Dietyottema  form,  found  projecting 
from  the  limbs  of  trees  with  a  semicircular  or  nearly  spherical  thallus  composed 
of  radiating  hyplial  threads,  and  having  the  hymenium  on  the  under  side.  When 
the  shape  of  tlie  tl^allus  is  determined  by  the  Alga,  a  Lichen  of  the  LaudaUa-tona 
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occara  as  felted  patches  of  Gne  filaments  od  the  bark  of  trees,  with  the  hymeniun 
on  the  partH  of  the  thallus  whEch  are 
tlinied  away  from  the  light. 

The  Liebena  are  everywliere  widely 
distributed,  growing  od  the  ground,  on 
rocka,  and  on  tree-trunkH.  They  occur 
in  localities  nnfavonrablc  for  every 
other  kind  of  vegetation,  and  can 
endnre  the  greatest  heat  or  cold  or 
prolonged  drought  without  injury.  On 
the  recurreace  of  sufficient  moisture 
and  the  proper  temperature,  their  vital 
activity  asserts  itself  ascw  ;  tbey  are 
thus  enabled  to  inhabit  even  the  peaks 
of  the  highest  mountains.  In  conjunc- 
tion with  the  Mosses,  they  charucterise 
by  tbeir  abundant  development  the 
vegetation  of  the  polar  regions,  particu- 
larly that  of  the  so-called  tundras,  tbe  Fm.  308.— 
chief  vegetation  of  which  is  represented  *• '""" ' 
by  Ctadonia  Taitgi/erina. 

OffrcisAL.— The  only   representative   of  the   Lichens   is  Cetraria  iilandiea 
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II.   BSYOPHYTA  (MOSSES) 

Mttsdneae  comprise  two  classes,  the  Hepalteae 
or  Liverworts,  and  the 
Mwici  or  Mosses.  They 
are  distinguished  from 
the  Tkallopkyta  by  the 
characteristic  sbnicture 
of  tlieir  sexual  organs, 

ANTHERIDIA  and  AI«;HE- 

GONIA,  which  are  simi- 
lar to  those  of  the 
Plmd^hyla,  the  moat 
highly  developed  of  the 
Cryptogams.  The  Bnjo- 
pkyhi  and  Pteridophyta 
are  accordingly  regarded 
'  as  having  been  derived 
from  a  common  ancestor, 
and,  in  cootrast  to  the 

Thalhphyla,  they  are  referred  to  collectively  as  ATcheg<miatae. 

The  ANTHKRIDIA  or  male  sexual  organs  are  stalked,  ellipsoidal, 

spherical,  or  club-shaped,  with  thin  walls  formed  of  one  layer  of  cells 
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and  enclosing  Diimerous  small  cells,  each  one  of  which  is  the  mother- 
cell  of  a  spermatozoid  (Fig.  310).  At  maturity  tlie  spermatozoid 
mother-cells  separate  and  are  ejected  from  the  antheridium,  which 
niptures  at  the  ai>ex.  By  the  eventual  dissolution  of  the  enveloping 
walla  of  the  mother-cells  the  spermatozoids  are  set  free  as  short, 
slightly  twisted  filaments,  t«rmiDating  anteriorly  in  two  long  cilia. 
Spermatozoids  of  similar 
form  are  found  among 
the  Thallophyt«a  only 
in  the  group  of  the 
Ckarace<u.  -vThe  ARCRll- 
GONIA  are  flask -shaped 
bodies  with  walls  formed 
of  but'  one  layer  of 
cells ;  they  are  sessile  or 
shortly  stalked,  some* 
times  also  somewhat 
sunk  in  the  tissue,  and 
consist  of  a  dilated  ven- 
tral portion  and  a  long, 
slender  neck.  The  ven- 
tral portion  encloses  a 
large  central  cell,  the 
contents  of  which  shortly 
before  maturity  divide 
into  the  egg -cell  (Fig. 
311,  J,  o)"&nd  into  an 
overlying  ventral  canal- 
cell  (k').  The  latter  is 
situated  at  the  base  of 
.  the  neck,  just  below  a 
.11;  central  row  of  neck- 
"""■  canal-cells  (&').  On  the 
'  maturity  of  the  arche- 
gonium,  the  ventral  and  neck -canal -eel  Is  become  mucilaginous  and 
disorganised.  If  water  ts  present,  tlie  ceils  at  the  apex  of  the  neck 
separate  (S)  and  the  mucili^inons  matter  is  discharged,  and  exerts 
through  the  diffusion  of  certain  of  its  constituents  in  the  n^ter  (cane- 
sugar  in  the  case  of  Mosses)  an  attractive  stimulus  on  the  sperma- 
tozoids. The  spermatozoids,  thus  directed  toward  the  neck  of  the 
archegonium,  traverse  it  as  far  as  the  egg,  into  which  one  spermatozoid 
penetrates.  The  water  necessary  for  the  process  of  fertilisation  is 
sufficiently  supplied  by  rain  or  dew.  After  fertilisation  has  been 
accomplished,  the  egg-cell  divides  and  gives  rise  directly  to  on  embr}'0 
(c),  without  first,  as  is  usually  the  case  in  the  oogamous  TkaUophgta, 
undergoing  a  period  of  rest. 
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The  Mosses  as  well  as  tiie  Pteridophytes  multiply  also  aaexually 
by  means  of  walled  spores  adapted  for  diasemination  through  the  air. 
These  two  modes  of  reproductiou,  sexual  and  asexual,  occur  in 
regular  alternation,  and  are  confined  each  to  a  sharply  distinct 
generation ;  a  sexual,  provided  with  sexual  organs,  and  an  asexual, 
which  produces  spores.  The  sexual  generation  arises  from  the  spore ; 
the  asexual  from  the  fertilised  egg.  This  alternation  of  genera-  1 
TIONS  is  characteristic  of  all  Arcltegoniatae. 

In  the  development  of  the  sexual  generation,  the  unicellular  spore 


on  germinating  ruptures  its  outer  coat  or  EXtNB,  and  gives  rise  to  a 
germ-tube.  In  the  case  of  the  Hi^ticae,  the  formation  of  the  plant 
at  once  commences,  but  in  most  of  the  Mii.id  k  protoneua  is 
first  produced,  which  resembles  in  structure  the  filaments  of  Confer- 
void  Algae,  and  isjiomposed  of  cells  containing  chlorophyll  (Fig. 
312,  A,  B).  The-^een,  filamentous  protonema  gives  rise  t«  branched, 
colourless  rhizoids  ('),  which  penetrate  the  substratum.  The  Moss- 
PLANTS  arise  from  buds  developed  on  the  protonema  at  the  base 
of  tiie  branches,  '  Protonema  and  Moss-plant  together  represent  the 
sexual  generation.  Many  Liverworts  .possess  a  thallus  corfsisting  of 
'  dichotomously  branching  lobes,  which  is  attached  to  the  substratum 
at  its  base  or  on  the  under  side  by  means  of  rhizoids,  thus  repeat- 
ing the  vegetative  structure  of  many  Algae  (c/.  Fig-  8  with  Fig.  9, 
p.  13),  In  other  Headtme,  on  the  other  hand,  and  in  all  the  Miisri, 
there  exists  a  distinct/ differentiation  into  stem  and  leaves  (Fig.  323). 
In  no  instance,  howeVer,  are  true  roots  formed  or  a  tissue  of  cells 
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developed,  bub  in  their  stead  rhizoids,  consisting  of  colourlees  branching 
filaments.  The  Bryophytes,  in  this  respect,  differ  essentially  from  the 
Pteridophytes,  which  are  provided  with  true  roots.  The  stems  and 
,  leaves  of  Mosses  are  also  anatomically  of  a  simple  structure ;  if  con- 
ducting strands  are  present,  they  are  composed  merely  of  simple, 
elongated  cells.  The  sexual  organs  are  produced  on  the  adult,  sexual 
generation ;  in  the  thalloid  forms,  on  the  dorsal  side  of  the  thallus ; 
in  the  cormophytic  forms,  at  the  apex  of  the  stem  or  its  branches 
(Fig.  313). 

By  the  division  of  the  fertilised   egg,  a  multicellular  emkryv  is 
formed,  which,  by  its  further  development,  gives  rise  to  the  second  or 
ASEXUAL  GENERATION,  represented  by 
f  P      the  SFOROGONiuM  or  the  stalked  Moss 
I  z  CAPSULEi      The  sporogonium,  in  most 
'       cases,  consists  of  a  round  or  oval  cap- 
sular receptacle,  in  whose  internal  tissue 
numerous   unicellular  spores    are   pro- 
duced.     At  maturity  the  capsule  opens 
and  sets  free  the  spores.     In  both  the 
Bryophytes    and    Pteridophytes    the 
spores  are  formed  in  TETRADS  by  the 
twice-repeated    division  of  -the    spore- 
mother-cell,  which  previously  become 
disunited,  representing  the  actual  point 
.  of  commencement  of  the  sexual  genera- 
B   tion.     The  spore  capsule  has  usually  a 
■   shorter  or  longer  stalk,  of  which  the 
"  '  basal  portion,  or  foot,  remains  in  the 

distended  venter  of  the  archegonium,  and,  in  consequence  of  the 
overgrowth  of  the  underlying  tissue,  has  the  appearance  of  being 
sunk  in  it.  Although  the  sporogonium  constitutes  a  distinct  asexual 
generation,  it  continues  throughout  its  existence  united  with  the 
sexual  generation,  and  draws  from  it  the  nourishment  necessary  for 
its  development. 

The  two  classes  comprising  the  Bryophytes  may  be  briefly  charac- 
terised as  follows : — 

1.  Htpatiaie  (Liverworts). — Tlio  sexual  generation,  with  poorly  developed  luid 
generally  not  distinctly  ditfereutjatfd  protouema,  boa  either  >  dichotoniouHly  diTided 
tbnltus  or  is  developed  as  a  leary,  and,  with  one  exception,  dorsiventral  shoot.  In 
the  m^ority  of  Hcpaticat,  in  addition  to  spores,  the  uajiaule  produces  also  slaters, 
sterile  cells  which,  in  their  tygiieal  development,  hccu^  greatly  elongated  and  pro' 
vided  with  spiral  thickenings  (Fi^.  317.  f\  They  coiidW  nounshinent  to  the  de- 
veloping sporogenoiis  cells,  and  at  maturity,  after  the  oprVug  of  the  capsule,  serve 
to  Bcparate  and  scatter  the  sporea.  Only  in  one  ordert  lArUhouTalmrae,  does  the 
capsule  liave  a  culuruella,  or  an  axial  mass  of  sterile  cells,  which  also  conduct  the 
metabolic  products  to  tlie  developing  spores. 
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2.  Afmci  (MoRseB).~'nie  protonema  of  the  sexual  generation  is  usually  well 
deTelopod  and  distiaotlj  definad,  aud  the  moss-iilant  ia  always  negmented  into  Bteni 
snd  leaves.  The  leaves  are  arranged  spirally  in  poly  symmetrical,  lees  frequently  in 
bisyinmetiicaJ,  rows.  The  capsule  is  aJwaya  without  elatars,  but,  extept  in  one  geUUB. 
it  alirays  possess  a  columeUa. 

Class  I 
Hepaticae  (Liverworts) 

Tlie  Hepaticae  are  divided,  according  to  the  structure  of  the  sporo- 

gonium  and  the  segmentation  exhibited  by  the  sexual  generation,  into 
four  orders :  the  Ricdaceae,  MarduiTxliacme,  and  Anthocerolaceae,  com- 
prising excliiaively  thalloid  forms  ;  and  the  Jungermanniaceae,  iacluding 
both  thalloid  and  foliose  forms. 


Order  1.  Blcciaceae 


1,  this  order  baa  tlio  simplest  structure.  The  gcDus  Riecia 
ts  diehotomously-lobed  or  cleft  thallus  forms  small  rosettea, 
marshy  soil  (Fig.  311,  A).  Kicda.  nalana  is  found  float- 
1  the  surface  of  stagnant 


]  the  oUip 


ire  profusely 


Of  all  the  SepaJieo 
Iielongs  to  this  order  ; 
and  grows  on  damp  ol 
ing,   like  Duckneed,   c 
water.     Hiecia  JluUana, 
wholly  submei^d,  and  has  narrow,  i 
branching,  thalloid  segments  (Fig. 
c&n,  however,  grow  on  marshy  soil,  and  theu  forms 
flat  rosettes.     The  Riccias  are  provided  with  fine 
rhizoids  springing  from   the   under   side   of   tbe 
tballos  (Fig.  314,  B),  and  possess,  in  addition,  a 
donbte  row  of  transversely  disposed  ventral  scales, 
consisting  of  a  single  layer  of  cells,  which   also 
function  in  the  absorption  of  nourishment.     Both 
organs    are   wanting  in   tbe    submerged    species, 
Riceia  JtuHaiu,  which  may  accordingly  be  regarded 
as  repTEsanting  the  simplest  form  of  Liverworts.    | 
The  thallus  has  a  distinct;  peripheral  cell-layer,  or 
epidermis,  and  underlying  it  a  green  assimilating 
cellular   tissue,    with   air-cavities   formed  by   the 
more  rapid   growth   and  overarching  of  the  ad. 
jacent  tissue.     The  thallus  is  also  travei'sed  length- 
wise by  a  central  strand  of  elongated  cells,  devoid  of  chlorophyll,  but  containing 

The  antheridia  and  arch^onia  am  sunk  in  the  surface  of  the  upper  aide  of  the 
thallus.      From  the  fertilised  egg-cell  is  developed  a  spherical  sporogonium,  filled 
with   large   tetrahedral  spores.      The  wall  of  the  sporogonium  consists  of  a  single 
layer  of  pcUb  ;  it  becomes  disorganised  during  the  ripening  of  the  spores,  which  are 
eventually  set  free  by  the  rupture  aud  disintegration  of  the  venter  and  the  surround-  i 
ing  oclla  of  the  thallus.      Each  spore  on  garmiaiation  produces  an  inconspicuous   ' 
protonema,  consisting  of  an  unbranched  germ-tube,  provided  with  rhizoida  and  ter-    ' 
minating  in  a  multicellular  germ -disc,  from  which  the  new  thallus  is  produced. 
2D 
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Order  2.  Sarchantlaceae 

The  Liverirorta  included  in  thta  order  are  mucli  more  higlilf  orgHnised,  and  in 
nianj  generi  thej  have  a  decidedly  complicBted  Btractttre.    Marehantta  polymorjiui, 
round  growing  on  dam]>  soil,  may  serve  as  an  exarajtle.    It  forms  a  flat,  deeply-lobed,^ 
diuliotomoiuly- bran  died  thallua,  about  two  centimetrea  vide,  and  having  an  iucon- 
spicuottB  midrib  (Fig.  816,  A  ;  Fig.  317,  A).     From  tbe  under  side  of  llie  thallus': 
spring  unicellular  rliizotda,  of  which  some  hare  smooth  walls,  others  conical  thicken-     ^ 
ings  projecting  into  the  inner  cavity.     The  thallus  is  provided  also  with  ventral      ] 
scales,  consisting  of  a  single  layer  of  cells.     In  its  internal  development  a  darvi- 
veutral  stnicture  ia  also  apparent.     With  the  naked  eye  it  may  be  seen  that  the    / 
npper  sarface  of  the  thallus  is  divided  into  small  rhombic  areas.     Each  area  is  i>er- 
forated  by  a  central  airjiore  leading  into  a  corresponding  air-chamber  immediately 


below  (Fig.  168,  A,  B).  Tlie  lateral  walls  of  the  air-chambers  determine  the  con- 
figaratioD  of  the  rhombic  ■I'eas.  Tlie  air.pore  in  tbe  tooting  wall  of  each  chamber  is 
in  tbe  form  of  »  short  canal,  bounded  by  a  wall  formed  of  several  tiera  of  ceils,  Bsch 
tier  comprising  four  cells.  Ximierous  short  filaments,  oonajsting  of  rows  of  warly 
spherical  cells  containing  chlorophyll  ftraius.  project  from  the  floor  of  the  aff-chioiliHS 
and  perform  the  functions  of  asaimilatin;;  tissue.  Chlorophyll  {.'rains  ire  fomxl 
also  in  the  walls  of  the  elianibers,  biit  only  in  small  numbers.  The  air-cbamlwn 
merely  represent  depressions  in  tbe  outer  surface  which  have  become  roofed  i""' 
by  the  more  rapid  growth  of  the  adjacent  epidermal  cells.  The  intensity  of  tie 
illaminatioD  exercises  a  great  iiifluence  on  the  formation  of  the  air-chambers  :  wliw 
the  illumination  ia  very  weak  they  may  not  occur  at  all  The  ^idennis  on  '^' 
under  side  of  the  thalhis  is  formed  of  one  layer  of  cells.  The  tisane  below  the  f^- 
chamber  layer  is  devoid  of  cldorophyll,  and  consists  of  larga  parenahymatonii  cellci 
which  function  as  accmcuUtory  or  reaen'oir  cells.  Small  cup-shaped  outgrontlu 
with  toothed  morgina,  tbe  gemmiferous  reccjitacles  or  cupulea,  are  generally  fcn"'' 
situated  on  tbe  midribs  on  the  upper  surface  of  the  thallna  (Fig.  S16,  b).    Thw 
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cDntain  a  nuTnb«r  of  stBlk«d  genims,  Hnt,  biscuit-shaped  bodies  of  a  greeu  coloui'. 
The  gemtnffi  ariso  by  tho  protniBion  aad  rej>e»ted  divisiou  of  a  single  epidermal  cell 
(Fig.  315) ;  at  maturity  they  beoome  detached  from  the  stalk  (at  x,  Fig.  315,  D), 


Fio.  tn.—Marclianlla  poltiBiorpka,  A,  A  [«nill»  plant,  with  foornnjiiegoiitoplioreaof  liinerentages; 
(,  onpalH  (int.  ■<»);  B,  unitor  sld«  of  reccptni;]*! ;  ii,  nya;  h.  xlitnA  ;  ip,  a  q[iaro£oniuin  (xS); 
C  half  oC  B  ncaptscl*,  iliv<d«(l  lonsltudlnsllj  (xS) ;  D,  liHigitti'liiial  Hcctinn  of  *.  yoiinK  spnic- 
(ODiuin  ;  (]/.  the  foot ;  ip,  iipon))[«ii"ua  Utnir ;  ivi,  will  of  ca]ianle ;  uu>  wall,  and  h  utclc,  ol 
urhrKOuiuui :  p,  paeuilo-pivianth  (X70);  K.  niplurei!  a]ii)nigonlniii  j  k,  capiule:  $,  aporea  anil 
elat«v ;  p,  pHudo-perlanth ;  c,  arclu^ouial  nil  ( x  10) :  /',  an  elater ;  f,',  ripe^poiva  ( x  31S) :  J/, 
Kernilintine  tponii');  cI,  iuotunenui ;  1,  gcnn-<liw,  with  theaplcll  cvllvaiKi  rhliold  rA  ( x  IDU). 
(C,  E  aK*r  Bwc^uorr ;  B,  i>,  F-fl  after  Kmy.) 

They  are  provided  with  two  growing  loiiiU,  one  at  each  of  the  marginal  constric- 
tioDs,  from  which  their  further  development  intci  new  plants  proceeds.  On  croas- 
seotion  (£)  they  are  seen  to  be  composed  of  several  layers  of  cells  ;  some  of  the  ctlls 
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«re  filled  with  oil  globules  (IJ,  o),  while  from  other  oolourlesa  cells  rhizoida  develop. 
CelU  containing  oil  are  also  praunt  in  the  mature  tliatliu,  and  ore  of  frequent  occur- 
Ttace  in  all  the  Hepalicae.  Bj  meana  of  the  abundantly  developed  gemma  Mar- 
cJtantia  is  enabled  to  multiply  vegetativelj  to  an  enormous  extent. 

The  aexual  organs,  antheridia  and  archegonia,  are  borne  on  special  erect  bratiuhcs 
of  the  thalluB.  The  reproductive  branches,  which  are  rolled  together  at  tbe  tower 
and  into  a  stalk,  expand  above  into  a  profuse !;■  branched  upper  portion.  In  this 
species,  which  is  direcious,  the  autheridia  and  archegonia  develop  on  diflerent  plants. 
Tlie  branches  producing  tbe  male  organs  terminate  in  lobed  disoa,  which  bear  the 
anthoridia  on  tbeir  upper  aides  in  flosk-ehnped  depresBioDa,  each  containing  an 
antheridium  (Fig.  S16,  S),  The  depressions,  into  each  of  which  a  narrow  canal 
leads,  are  separated  from  each  other  by  tissue  filled  H-ith  air-chambers.  (The  struc- 
ture of  the  antheridia  and  apeimatozoids  is  illustrated  by  Fig.  310  and  tbe  accom- 
panying description,  p.  381.) 

Tbe  female  branches  tennitiatc  each  in  a  nine-rayed  disc  (Fig.  317,  A).  The 
up|>er  side  of  tbe  disc,  between  the  rays,  is  turned  undemcBth  in  the  process 
of  growth,  and,  oh  the  archegonia  are  borne  on  these  portions,  they  seem  to  arise 
from  the  under  side.  The  arcliegonia  are  disposed  in  radial  rows  between  the  rays, 
each  row  being  enveloped  in  a  toothed  lamella  or  sheath  (Fig.  317,  B,  C,  k  ;  for 
Htructiire  of  the  archegonia,  see  Fig.  311,  and  description,  p.  382]. 

The  fertilised  egg-cell  gives  rise  to  a  multicellular  embryo  (Fig.  311,  C),  and  this, 
hy  further  division  and  progressive  differentiation,  develops  into  a  etalked  oval 
SFOKOGONIUU.  The  capsule  of  the  sporogouium  is  provided  with  a  wall  consisting 
of  one  layer  of  cells,  and  ruptures  at  the  apex  to  let  free  tiie  spbericat  spores. 
The  ELATKEs,  or  elongated,  spirally  thickened,  fibre-cells  formed  in  the  capsules, 
between  the  spores,  by  the  prolongation  of  definite  oella,  are  ohataoteristic  of  the 
Marchantias  and  most  of  the  Liverworts.  The  elatere  are  discharged  from  the 
ruptured  capsule,  together  with  the  spores,  and  serve  for  their  dispersion  iu  tbe 
same  way  as  the  capillitium  of  the  ifyxoiayceles  (Fig.  317,  E,  F,  0),  The  ripe  cap- 
sule, before  the  elongation  of  tlie  stalk,  remains  enclosed  in  the  archegonium  wall 
(D,  am),  which,  for  a  time,  keeps  pace  iu  lis  growth  with  that  of  the  capsule.  As 
tbe  stalk  elongates,  the  arehegonium  wall  or  ealyptra  is  broken  through  and  remaini 
behind,  as  a  sheath,  at  t!ie  base  of  tlie  sporogouium  {E,  c).  The  capsule  is  sur- 
rounded also  by  the  pseudo-iwrianth,  an  open  aac.like  envelope  which  grows,  before 
fertilisation,  out  of  the  short  stalk  of  the  arehegoniura  (Fig.  311,  C,pr;  Fig,  317,  D, 
E,  p).  Similar  eiivelol>ea  occur  in  tbe  higher  Nepaiiatc,  in  which  they  constitute  a 
true  perianth,  anil  are  formed  of  leaves. 

Order  3.  Anthocerotaceae 

The  few  forms  included  in  this  order  have  an  irregular,  disc-shaped  thallus,  which 
is  firmly  anchored  to  tl^e  soil  by  means  of  rhizoids.  Tbe  antheridia  arise,  in  groups 
of  two  to  four,  by  the  division  of  a  cell  lying  below  the  epidermis  ;  they  remain  en. 
closed  in  cavities  in  the  upper  side  of  tbe  thallus  until  maturity.  The  areh^onia  are 
at  first  merely  sunk  in  the  up|)er  surface  of  the  tballns,  but  after  fertiliaatton  they 
bcijorae  covered  over  by  a  raauy-layercd  wall  formed  by  the  overarching  growth  of 
the  adjoining  tissue.  This  enveloping  wall  is  ufterwards  raptured  by  the  elongating 
capsule,  and  forma  a  sheath  at  its  base.  The  ajiorogonium  consists  of  a  swollen  foot 
and  a  long,  pod.shaped  capsule  ;  it  has  no  stalk.  Tbe  capsule  splits  longitadinally 
iuto  two  valves,  and  has  a  central  hair-like  columella  formed  of  a  few  rows  of  sterile 
cells  (Fig.  31S}.     Tbe  columella  doea  not  extend  to  tbe  apes  of  tba  oajianje,  but  u 
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I  by  a  narrow  layer  of  sporogenoiis  cells.     Elatera  also  oocnr ;  they  are 
mnlticellnlar,  varioualj  shaped,  and  often  forked.    The  eporogDllia,  unlike  those  of 
all  other  BepaHeae,  do  not  ripen  ainiultaneonaly  throughout  their  wliole  length,  but 
Fran  the  tips  downwards,  and  continue  to  elongate  by 
baul  growth  after  emerging  Irom  the  archegonia. 

On  the  nnder  side  of  the  thalliis,  fiBaurp-like  openings, 
formed  by  the  separation  of  the  cells,  lead  into  cavities 
Gilnl  with  mucilage.  No^oc  lilanients  penetrate  into 
thwe  caritiea,  and  develop  into  endophytic  colonies. 

Order  4.  Jungrermanniaceae 

Id  the  simplest  forms  of  this  onter  the  thalliis  is 
broadly  lobed,  similar  to  that  of  MarchatUia  (e.g.  fcl/ia 

epiphylla,  frequently  found  on  damp  (jround)  ;  or,  like    =,      €,10      j  n  /     ■ 

thit  of  Sieeid  fiuHait),  it  is  narrow  and  ribbon -shaped,  '      SporoitDutuni ;   r   coln- 

■nd  at  the  same  time  profusely  branched  {e.(f.  itettgeria         nielli,    (Nat.  alia.) 
/urcnla,  Fig.  161,  p.  148).     In  other  forms,  again,  the 

broad,  deeply-lobed  thallus  has  an  evident  midrib,  and  its  margins,  as  in  the  case  of 
Blasia  putilla  (Fig.   11,  p.  14),  exhibit  an  incipieot  segmentation  into  leaf-like 
members.     The  majority  of  JiingnTmaniiiacatc,  however,  show  a  distinct  segment- 
ation into  stem  and  leaflets.     The  latter  consist  of  one  layer  of  cells  without  a 
midrib,  and  are  inserted  with  obliqnely  directed  lamince  in  two  rows  on  each  flank 
of   the   stem.      Some   species   [e.g.   Frullaitia   TamartKi,    a   deliutely   branched 
liverwort  of  a  brownish  colour  occurring  on   rocks  and   tree-trunks]   have  .also 
a  ventral  row  of  small  scsle-like  leaves,  amphigsetria  {Fig.  319.  a).     The  dorsal 
leaves  are  frequently  divided   into  an   upper  and 
lower  lobe.     In  species  growing  in  dry  places,  like 
the    previously  cited  Frullania,   tlio   lower  lotje  is 
modified  into  a  sac,  and  serves  as  a  capillaiy  wat*r- 
reservoir.     Tlie  leaves  regularly  overlap  each  other  : 
they  are  then  said  to  be  mixt^itt,  when  the  pos- 
terior edges  of  the  leaves  are  overlapped  by  the 
anterior  edges  of  those  next  below  (Fnillaaia,  Fig. 
818),   or  iiu^iboiis,    if  the   posterior   edges   of   the 
leaves  overlap  the  anterior  edges  of  the  leaves  next 
above  {Plagiorhila,  ¥\g.  12,  p.  14). 

Tlie  branching  stems  of  the  foliese  Jvnyerman- 

niaceae  arc  either  prostrate  or  partially  erect,  and 

in  conseiiuence  of  the  manner  in  which  the  leaves 

Ph.  tie.— Fart  of  a  ahout  or  fnri-   develop,  present  a  distinctly  dorsiventral  ap[iearance. 

ten  (n  Tdinari*:;.  Men  from  l»lo».  fjig   tong-stalked    sporogoniurn    is   also   cliarac- 

r,  Doral  l«iv™  ■^th  the  lower    (g^gyj,  ^f  ^\^\^  ^^„ .  jj  is  already  fully  developed 

o,  aiLiphigMtrium,    (x  M.)  before  it  i»  pushed  through  tile  ai>ex  of  the  arche- 

gonial  wall   by   the   elongating  stalk.      It   lias  a 

iphericai  capsalc  which  on  nipturing  s]  lits  into  four  valves  (Figs.  11,  12).    No 

cohroella  is  formed  in  the  capsule;  bu.  in  addition  to  spores  it  always  produces 

elatera,  which  by  tbejr  movpniente  -Jfliile  drying  scatter  the  spores. 

According  to  Jhe  position  of  the  sporogonia,  two  sub-ordera  are  distinguished. 

(«)  Aiuifjvgyjunii  Jungermanniaeeac^The  sporogonia  arise  laterally,  and  are 

ulnated  on/the  dorsal  side  of  the  thallus  or  steni.     Tliey  are  encircled  at  the  base 
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by  an  inrolncre,  a.  shMth-Uke  outgronth  of  the  thallna  or  Btem  (^.^r.  Blaria  ptailla. 
Fig.  11). 

{b)  AcTog^imt  JuHgermannvuxat. — Tbis  group  inaludes  only  foliose  forms  i,e.<i.  \ 
Ptagiochila  axphnioida).  Tlis  sporogonU  arise  apioallj  from  tbe  fitremities 
of  the  stem  or  its  brooches,  and  are  surrDimded  b;  \  perianth  formed  of  special, 
cbaracterislically- shaped  leaves  (Fig.  12).  The  majority  of  tlie  Jiingermanniaeeat 
resemble  the  true  Mosses ;  they  are  small  and  grow  od  the  ground  or  on  tree-tninks, 
and  ID  the  tropics  also  on  the  leaves  of  forest  plants. 


Musci  (Mosses) 

The  prorusely-branched  protonema  of  the  Mosses  appears  to 
the  naked  eye  as  a  felted  growth  of  fine,  green  filaments  (Fig.  312). 
Buds  are  developed  on  the  protonemn,  which  grow  by  means  of  a  . 
three-sided  apical  cell,  and  give  rise  to  Moss-plants,  which  always 
exhibit  segmentation  into  stem  and  leaves.  .  Tbe  leafy  Mosses  may 
be  readily  distinguished  from  the  foliose  Jvngermanniauae  by  the 
spiral  arrangement  of  their  small  leaves,  which  are  rarely  arranged  in 
two  rows.  In  Mosses  which  have  prostrate  stems,  the  leaves,  althoi^h 
arranged  spirally,  frequently  assume  a  somewhat  outspread  position, 
and  all  face  one  way,  so  that  in  such  cases  a  distinction  between  an 
upper  and  a  lower  side  is  manifested,  but  in  a  manner  different  from 
that  of  the  Liverworts. 

The  STEM  OF  THE  Moss-PLANT  is  formed  of  cells  which  become 
gradually  smaller  and  thicker-walled  towards  the  perijjjiery.  In 
the  stems  of  many  genera  (e.g.  Mnium,  Fig.  159,  p.  147)  there  is 
found  a  central,  axial  strand  consisting  either  of  elongated,  conduct- 
ing cells  with  narrow  lumina  and  devoid  of  protoplasm,  or  of  such 
empty  cells  together  with  others  filled  with  protoplasmic  contents. 
These  strands,  which  are  not  always  present,  may  be  regarded  as 
incipient  vascular  bundles.  They  do  not  occur,  for  instance,  in  the 
genus  Sphagnum,  winch  grows  in  swampy  places.  The  stems  of  this 
Moss  show  a  peculiar  development  of  the  outer  cortical  layers  {Fig. 
320,  C).  The  cells  in  these  layers  are  devoid  of  protoplasm,  and  are 
in  communication  with  each  other  and  the  atmosphere  by  means  of 
lai^e,  open  pores;  to  secure  rigidity,  they  are  also  provided  with 
spirally  thickened  walls.  They  have  a  remarkable  power  of  capillary 
absorption,  and  serve  as  reservoirs  for  storing  and  conducting  water. 

The  LEAVES  of  the  true  Mosi'es  have,  as  a  rule,  a  very  simple 
structure.  They  consist  usually  ot  a  single  layer  of  polygonal  cells 
containing  chloroplasU  (Fig.  55,  p.  56;  Fig.  72,^  p.  68),  and  are 
generally  provided  with  a  conducting  bundle  of  elongH^  cells.  >  The 
leaves  of  the  Bog  Mosses  (Sjihagnaceae)  have  no  bundles,  h'nd  iiistead 
are  supplied  witJi  capillary  cells  for  the  absorption  and  storage  of 
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I,  and  are  similar  to  those 
in  the  periphery  of  the  stem,  but  larger  and  more  elongated  ;  their 
walls,  which  are  perforated,  are  strengthened  by  transverse  thickening 
bands  (Fig.  320,  A,  B).  Between  them  are  other  elongated,  reticulately 
onited  ceils  cootaining  chloroplasts.^  A  similar  dilTerentiation  of  the 
leaf  ceils  occurs  in  a  few  other  Mossfes  {e.g.  Leueolyryum  vulgare). 

A  more  complicated  Structure  of  the  leaves  resulting  from  their 
adaptation  to  the  absorption  of  wat«r  is  exhibited  by  Polyirichum 
eommane.  In  this  Moss  the  leaves  develop  on  their  upper  surface 
numerous,  crowded,  vertical  lamellee,  one  cell  thick ;  these  contain 
chlorophyll  and  function  as  aesimilatory  tissue,  while  the  spaces  be- 
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tween  the  lamellaB  serve  as  reservoirs  for  the  storage  of  water.  In  a 
dry  atmosphere  the  leaves  fold  together,  and  thus  protect  the  delicat« 
lame|I(e  from  excessive  transpiration. 

[The  RHIZOIDS  (Fig.  321,  B),  each  of  which  consists  of  a  single  row 
of  cells,  spring  from  the  base  of  the  stem.  In  structure  they  resemble 
the  protonemata,  into  which  they  sometimes  become  converted,  and 
then  give  rise  to  new  Moss-plants. 

The  SEXUAL  ORGANS  are  always  borne  in  groups  at  the  apices 
either  of  the  main  axes  or  of  small,  lateral  branches,  surrounded  by 
their  up|>er  leaves  ;  each  group  with  it&  involucral  leaves  constituting  a 
receptacle.  The  antheridial  and  archegonial  receptacles  are  sometimes 
inappropriately  referred  to  as  Moss  flowers,  but  they  have  nothing  in 
common  with  the  true  flowers  of  vascular  plants  ;  the  involucral  leaves, 
which  frequently  have  a  distinctive  structure,  are  also  known  as  the 
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PERICH^TLA.  Between  the  sexual  organs  there  are  usually  present  a 
number  of  multicellular  haira  or  paraphyses.  The  Moaa-plants  may  be 
.  moDceciouH,  in  which  case  both  kinds  of  sexual  organs  are  borne 
on  the  same  plant  either  in  the  same  or  different  receptacles;  or 
dicecious,  and  then  the  antheridia  and  archegonia  arise  on  different 
plants. 

The  SPOROGONIUM  of  the  Mosses  develops  a  capsule  with  an  axial 
COLUMELLA  consisting  of -sterile  tissue.  The  spore-sac  surrounds  tbe- 
columella,  -which  accumulates  food  material  and  water  for  the  develop- 
ing spores.  Elatera  are  never  formed.  '  Distinctive  variations  in  the 
mode  of  development  and  structure  of  the  capsules  are  exhibited  by 
the  four  orders  of  the  Musci ;  Sj^iagnacme,  Andreaeaceof,  Phascaceae,  and 

Order  1.  Bryinae 

lu  thia  order  (tunned  also  Sttgoearpae),  which  includes  the  majority  of  all  the 
true  Mos9«3,  the  Moss  Ttuit  attains  its  most  oomplicated  structuru.  TThe  ripe 
BFOKoaoKirM,  developed  from  the  fertilised  egg,  consiata  of  a  long  stalk,  the  seta 
(Fig.  321,  B,  t),  with  a  foot  at  its  base,  sunk  in  the  tissue  of  the  mother  plant, 
and  of  a  capbulb  {k),  which  in  its  young  stages  is  surmounted  by  a  hood  or  caltp- 
riLA  {A,  e).  The  calyptra  is  thrown  off  before  the  ajxires  are  ri;ie.  It  consists  of 
one  or  two  layers  of  elongated  cells,  and  originally  formed  part  of  the  wall  of  the 
archegonium  which,  at  first,  enclosed  the  embryo,  growing  in  size  as  it  grew,  until, 
finally  ruptured  by  the  elongation  of  the  seta,  it  was  carried  up  aa  a  cap,  covering 
the  capsule.^  In  the  Liverworts  the  calyytra  is,  on  the  contrarjj  always  pierced  bj 
the  eloagatiug  sporogoniuni,  and  forma  a  sheath  at  ica  baae.  Vbe  upper  part  of 
the  seta,  where  it  joins  the  capsule,  aometimes  becomes  distinctly  enlarged  and  ia 
then  termed  the  apophysis.  In  Mnium  it  ia  acarcely  diatinguishable,  hut  in 
PolyCrichum  commune  it  has  the  form  of  a  awollen  ring-like  protuberance  (Fig.  323, 
ap),  while  in  speciea  of  SpUtchnum  it  dilates  into  a  large  cushion-like  atruttiir* 
of  a  yellow  or  red  colour,  u[>on  which  the  capsule  appears  only  as  a  small  protuber- 
ance. '  The  upper  part  of  the  capaule  bccomea  converted  into  a  lid  or  operculum 
(Fig.  321,  if),  which  is  sometimes  drawn  out  into  a  projecting  tip.  At  the  msipn 
of  the  operculum  a  narrow  zone  of  epidermal  celta  termed  tlie  ring  or  AK^rLts 
becomes  specially  dilTereatiatecl.  The  cells  of  the  annulus  contain  mucilage,  and 
by  their  expansion  at  maturity  assist  greatly  in  throwing  off  the  lid.  IduimI 
stegocarpous  Moases  the  mouth  of  the  dehisced  capsule  beara  a  fringe,  the  pew- 
HTOHE,  consisting  usually  of  tooth-like  appendages. 

The  peristome  of  J/»iui» /lor-Bion  (Fig.  321,  C,  p)  is  double  ;  the  o^ter  peristome 
is  formed  of  16  pointed,  transversely  striped  teeth  {D)  inserted  on  the  iunfr 
margin  of  the  wall  of  the  cai)auie.  They  are  atrongly  hygroscopic  ;  opening  in 
dry  weather,  they  allow  of  the  dispersion  of  the  spores,  while  in  wet  weather  th^y 
close  again  and  abut  in  the  spore  masses.  The  inner  peristome  lies  just  within  tlie 
outer,  and  consists  of  cilia-like  appendages,  which  are  ribbed  on  the  inner  side  snd 
thus  apjiear  transversely  atriped  ;  they  coalesce  at  their  baae  into  a  contiaoocs 
membrane  i,E).  Two  cilia  of  the  inner  peristome  arc  always  situated  between  eieti 
two  teeth  of  the  outer  row.  The  cilia  facilitate  the  disseminatftm  of  the  spores 
by  their  hygroscopic  movements. 

The  teeth  and  cilia  of  the  peristome  are  formed  in  this  instance  of  thickened 
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l>aTtioas  of  the  opposite  iralla  of  a  single  Isyer  of  cells  next  to  tlie  o[>ercltlum  (Fig. 
322),  the  teeth  from  portions  of  the  external  wall,  and  the  cilia  from  portionu  of 
the  internal  walk  of  the  same  layer.  On  the  opening  of  the  capsule  the  un- 
thickened  portions  of  this  layer  break  away  and  the  teeth  and  cilia  split  apart. 
The  transversely  ribbed  markings  an  their  aurface  indicate  the  position  of  the 
former  transverse  walla. 

The  structure  of  the  peristome  varies  greatly  in  different  species  of  Bryinac. 
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The  central  axial  portion  of  the  capsule  is  occupied  by  the  large-celled  cdli'. 
MliLLA.  It  is  completely  surrounded  by  the  s]>OT0geuous  tissue,  the  so-called  s|iore- 
sac,  which  is  separated  from  the  wall  of  the  cajHiile  and  aonietimes  also  from  the 
CDltimella  by  loose  aasimilatory  tissue.  Slomata  occur  in  the  epidermis  of  the 
capsule.  The  Mosa  fruit,  in  conformity  with  ita  anatomical  structure,  takes  part  in 
assimilation.  It  rijiens  slowly  outside  the  archegouium,  while  the  sporogonium 
of  the  Liverworta  remains  enclosed  within  it  until  maturity. 
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1  the.  fonn  of  the  capsule,  periatome,  opercnlDTn,  and  caljptra 
afford  the  most  important  mesDa  of  diatinguishiag  the  dlHerent  geoen.  The 
Bryinae  are  first  diTided  into  two anb-ordera,  occordingto  the  position  of  the  orche- 
gonia  or  of  the  sporogonia  developed  from  them. 

(a)  Bryinat  ao'ocarjiae. — The  arcbegonia,  and  conaequently  the  sporogonia,  are 
terminal  on  the  main  ax'u.  Mniiim  Aornttin,  the  Bpecies  referred  to  above  (Fig. 
321),  belongs  to  this  group  ;  it  grows  in  damp  places,  in  woods  and  at  the  base  of 
rocky  cliffs,  Polytrithum  commune,  a  common  acrocarpous  Moss,  which  is  found 
abundantly  in  high  latitudes,  has  a  stem  often  several  decimetres  lod^  (Fig.  323). 
The  four-aided  grooved  capaule  ia  borne  on  a  long  stalk,  with  a  ring-like  apophysis, 
and  ia  almost  completely  encased  bj  the  brown  felted  calyptra.  The  peristome 
IB  single  and  consJata  of  32  teeth.  Funaria  kygrometriea,  another  very  familiar 
eiample  of  the  Airocarpae,  is  found  growing  on  the  ground  and  on  walls.  The 
leafy  stems  of  this  species  are  very  small  ;  the  oblique  cajisules  are  pear-shaped 
aud  raised  upon  a  long  hygroscopic  seta,  which  becomes  spirally  twisted  when 
dry,  but  atraightens  again  if  moistened.  Schi$totlega  osmwidaaa,  a  mosa  living  in 
caves,  has  fertile  shoots,  which  Lave  spirally  arranged  leaves  and  bear  striked 
ca|>sule3  devoid  of  peristomes,  and  also  other  shoots  that  are  sterile,  with  two  rows 
of  leaves  (Fig.  324,  A,  B).  The  protonema  of  this  species  gives  out  an  emerald 
light  (p.  223).  Its  branched  filaments  place  themselves  in  a  plane  perpendicular 
to  Che  incident  rays  of  light,  so  that  the  ceils,  which  are  disc-shaped,  projecting 
conicatly  on  the  under  side,  reflect  the  light  in  the  same  way  as  a  reflecting  mirror 
(Fig.  325), 

(i)  Bryinae  pleuroearptu. — The  growth  of  the  main  axis  is  unlimited,  and  the 
archegonia  with  their  sporogonia  arise  on  short,  lateral  branches  (Fig.  328).  In 
this  group  are  included  numerous,  usually  profusely  branched  species  of  largo 
Wood  Mosses  belonging  to  the  genera  Hylocomiam,  ^fckera,  and  Sypaatn,  and 
also  the  submerged  Water  KIoss,  Fonlinalui  anlipyrelica. 

Order  2.  Phascaceae 

To  the  Pkrticeu:eae  (CUiaCoearpae)  belong  small  Mosses  with  few  leaves  growing 
on  the  soil ;  they  retain  tlieir  filamentous  protonemata  until  the  capsules  are  ripe, 
and  have  the  simplest  structure  of  all  the  Moases  (Fig.  327).  The  hooded  capsule  is 
terminal  and  has  only  a  short  stalk.  It  does  not  open  with  a  lid,  but  the  spores 
are  set  free  by  the  decay  of  its  walls. 

Order  3.  Andreaeaceae 

The  Andreaeaaac  (Sc/i iamirpnc)  comprise  only  the  one  genus,  Andrmea,  amall, 
brownish  ciEspitose  Mosses  growing  on  rocks.  The  sporogonium  is  also  terminal 
in  this  order.  The  capsule,  at  first  provided  with  a  calyptra,  aplita  into  four  longi- 
tudinal valves,  which  remain  united  at  the  base  and  apex  (Fig.  323).  The  stalk  is 
short,  and  is  expanded  at  the  base  into  a  foot  {Spf),  which  in  turn  is  borne  on  a 
pseudopodium  (ps),  a  stalk-like  prolongation  of  the  stem  resulting  &om  its  elonga- 
tion after  the  fertilisation  of  the  archegonium. 

Order  4.  Sphagnaceae 

The  order  of  the  Sphaynaccae,  or  Bog  Mosses,  includes  only  a  single  genus, 
Sphognum.  The  Bog  Mosses  grow  in  swampy  places,  which  they  cover  with  a 
thick  carpet  saturated  with  water.     The  upper  extremities  of  the  stems  continue 
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tbctr  growth  from  year  ta  y«ar,  nhite  Che  lower  portions  die  awsy  and  becomp 
eventually  Gonvert«d  into  peat.  Of  the  numerous  lateral  branches  uising 
from  each  of  the  shoots,  some  grow  upwards  and  form  the  apical  tufta  or  heads 
at  the  HQmmits  of  the  stems  ;  otjiera,  which  are  more  elongated  and  flsgellifonti 
in  shape,  turn  downwardB  and  envelop  the  lower  portions  of  the  stem  (Fig.  32B. 
A).  Every  year  one  branch  below  the  apex  develops  as  strongly  as  the  mother 
shoot,  so  that  the  stem  thus  becomes  falsely  bifurcated.  By  the  gradual  death 
of  'the  stem  from  below  upwards  the  daughter  shoots  become  separated  from 
it,  and  form  indej«ndent  plants.     3|)ecial  branches  of  the  tufted  heads,  either 
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on  the  same  plants  (moncecious)  or  on  ditferent  stocks  (diceoious),  are  distinguish- 
able by  their  different  structure  and  colour ;  on  these  the  sexual  argsJis  are  pro- 
duced. The  male  branches  give  rise,  near  the  leaves,  to  spherical  stalked  antheridia, 
which  open  at  the  apices  by  means  of  retroflexing  valves,  and  let  free  the  apiralty 
twisted  spermatozoida  (Fig.  329,  E,  F).  The  archegonia  are  borne  at  the  tijw  of 
the  female  brunches.  After  fertilisation,  the  multicellular  embryo  of  a  a]>orogoniuiu 
(£)  is  produced  troia  the  egg-cell.  The  s|.>orogoninm  develops  a  short  stalk  with 
an  expanded  foot  {(/),  but  remains  for  a  time  enclosed  by  the  arohegonial  wall  or 
calyptra,  \J\nm  the  rupture  of  the  archegonium,  the  culyjitra  persists  Just  as  in 
the  Hepaticae  at  the  base  of  the  sporogonium.     The  capsule  is  spherical  and  his 
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a  doiDe-glia^  columcllft,  which  ia  turn  is  overarched  by  a  benuBpherical  spore-sac 
'jpo) ;  J^MAsesses  ad  operculum,  but  do  periatome.  The  ripe  sporogomum,  like 
tbat  a^^^geaat,  is  borne  ui>an  a.  prolongation  of  th«  stem  axis,  the  paeudopodium, 
whic^H^panded  at  the  toi>  to  receive  the  foot  of  the  stalk.  Of  tlio  peculiar 
stmcflinor  the  leaves  and  stem  cortex  a  descriptioD  h&a  already  b«ea  given  (p.  390). 


IIL  PTERIDOPHYTA  (VASCULAR  CRYPTOGAMS) 

The  Pteridophytea  iuclude  the  Ferns,  Water-Ferns,  Horee-tails, 
and  Club  Mosses,  and  represent  the  most  highly  developed  Cryptogaius. 
In  the  development  o£  the  plants  forming  this  group,  as  in  the  Bryo- 
phyla,  B.  distinct  alternation  of  generations  is  exhibited.  The  first 
generation,  the  sexual,  bears  the  antheridia  and  archegonia ;  the 
second,  the  asexual,  develops  from  the  fertilised  egg  and  produces 
asexuiU,  imicellular  spores.  On  germination  the  spoi-es  in  turn  give  rise 
to  a  sexual  g^eration.  Both  the  sexual  and  asexual  generations 
of  the  Pteridophyta  present  marked  variations  in  the  mode  of  their 
development 

The  sexual  generation  is  termed  the  prothallium  or  gahe- 
TOPEYTE.  In  some  forms  it  never  reaches  any  great  size,  being  at  most 
a  few  centimetres  in  diameter ;  it  resembles  in  appearance  a  simple, 
thalioid    Liverwort,;     it  j^  ^, 

then  consist^'  of  a  small  ^\     y\ 

green     tbaUhs,    attached  ''^s/,^ 

to   the   soil   by   rhizoids  Vr—^ 

springing  from  the  under 
side  (Fig.  330,  A).  At 
other  times  the  prothaL 
hum  is  branched  and 
filamentous ;  sometimes  it 
is  a  tuberous,  colourless 
maas  of  tissue,  and  parti- 
ally or  wholly  buried  in 
the  ground,  leading  a 
saprophytic'  existence, 
while    in    certain    other  „ 

divisions  of   the  Pterido-  y,a.  sso.— j>j.<.fi»iii  jcid  mu. 

phyla  it  Undei^oes   reduc-        below;  nr,  ireheguntn  ;  on,  antheridia;  rh,  rhlmldii  B, 

lion  and  remains  more  or  fc'^'"i'miorf''''ic'^th"priilii"  ''™t!"{x'^i™''B)"  '""'' 
less  completely   enclosed 

within  the  spore.  On  the  prothallia  arise  the  sexual  organs,  anther- 
idia producing  numerous  cUiate,  usually  spiral  sperraatozoids,  and 
archegonia,  in  each  of  which  is  a  single  egg-cell.  As  in  the  Mosses 
the  presence  of  water  is  necessary  for  fertilisation. 

Mter  fertilisation  the  egg-cell  develops  into  a  multicellular  embryo. 


.\>oj^[e 


which  becomes  the   asexual   generatioD,   as  in  the  Bryophyta. 
BryopkyUi  and  Pteridophyla  have  accordingly  been  claaaed  rf'"^ 
Embryopkyta  by  Engler,  and  tXiVm^A  _Einln-ynphyia  soidiogai\ 
the  male  cells  are  developed  as  apennatozoiiis.  _ 

The  asexual  generation  or  spotophyte  is  represented  by  a  plant 
possessing  a  iiighly  differentiated    internal  structure,  and    externally 
segmented  into  stem,  leaves,  and  roots.     In  the  majority  of  Pterido- 
phytea,  the  fertilised  egg-cell,  while  still  in  the  arcfaegonium  (Fig. 
339),  surrounds  itself  with  a  cell  wall  and  undergoes  division,  first 
into  two  cells,  by  the  formation  of  a  transverse  or  basal  wall,  and  then 
into  octants  by  two  walls  at  right  angles  to  each  other  and  to  the 
basal  wal].     By  the  further  division  of  these  eight  cells  the  half  above 
the  basal  wall  gives  rise  to  the  tissues  of  the  stem  apex  and  the  first 
leaf,    while    from    the 
half   below   the  basal 
wall  is   produced  th« 
primary  root,  and  an 
organ   peculiar  to  the 
Ptaridophytes,  the  so- 
called  F0()T  (Fig.  331, 
A,  B).     The   foot  is 
a  mass   of    tissue,  br 
means    of    which    the 
young  embryo  remain! 
/'  attached  to  the  parent 

prothallium    and    ab- 

Fro.  SSl.-^.nfr:.*rnitKi£.6mbryi>  freed  from  IhesrehetWDiPBi,    gopbg       nourishment 
II,  tnnaveiw  wsn  dividing  tlioe«g-cellipUiqiii«l«nta,rudi-    "^^    itt    lintU,    by  the 

iiiept  of  thp  fool/,  of  Uie  iHiii .,  ..f  th*  itnit  i»af  ft,  of  tho  r^i  development  of  its  OWD 
jB,^^iio<x^t^t^T^a^»y>\o^fm^o<xin.ru«.,uUim  rootB  and   leaves,  it  is 

(after  Hoi-iibiiiter)  ;  /,  toot  atin  embedded  in  tha  eularged       ,  ,  -  u    ■      ir 

venWiof  H,e«relieKonlmn«ic-;;»-,pn.thantum.    (Magiiifled.)    able    tO    nounsh    llse" 

independently.  The 
prothallium  then  usually  dies.  The  stem  developed  from  tlie 
embryonic  rudiment  may  be  either  simple  or  bifurcated,  erect  or 
prostrate;  it  branches  witliout  reference  to  the  leaves,  which  are 
arranged  spirally  or  in  whorls,  or  occupy  a  dorsiventral  positiou. 
Instead  of  rhizoids,  tme  roots  are  produced,  as  in  the  Phanerogams,. 
The  loaves  also  correspond  in  structure  with  those  of  the  Phanero- 
gams. Stems,  leaves,  and  root  are  traversed  by  well -differentiated 
vascular  bundles,  and  the  Pteridophyt«s  are,  in  consequence,  designated 
Vascular  Cryptogams.  The  bundles,  which  as  a  rule  have  the  same 
structure  throughout  the  whole  group,  are  constructed  after  a  special 
*yp«  W-  PP'  104.  ll*t  and  Figs.  121,  127,  128).  Secondary  growth 
in  thickness,  resulting  from  the  activity  of  a  special  cambium,  occnis 
only  occasionally  in  existing  forms,  but  it  was  characteristic  of  the 
stems  of  certain  extinct  groups  of  Pteridophytes. 
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The  SPORES  are  produced  vegetatively  in  special  receptacles  termed 
seoRmatA,  which  occur  on  the  asexual  geueration,  either  on  the  leaves, 
or  ie^^ftquently  on  the  steroa  in  the  axils  of  the  leaves.  The  spori- 
feroiSH&ves  are  termed  SPOROfhyll^.  The  sporangium  consists  of  a 
wall  composed  of  several  layers  of  cells  enclosing  the  sporogenous  tissue, 
the  cells  of  which,  becoming  rounded  otf  and  separated  from  each  other  as 
spore  mother-cells,  give  rise  each  to  fourtetrahedral  spores  (spore-tetrads). 
The  cells  of  the  innermost  layer  of  the  sporangial  wall  are  rich  in 
protoplasm,  and  constitute  the  tapetum.  In  the  course  of  the 
developraejit  of  a  sporangium  the  walls  of  the  tapetal  layer  become 
dissolved.  The  tapetal  cells  then  wander  in  l>etween  the  spore 
mother  cells,  so  that  the  spores  eventually  lie  embedded  in  a  muci- 
laginous protoplasmic  mass,  the  PERIPLASM,  from  which  they  derive 
-nourishment.  Only  the  outermost;  layer  of  the  wall  is  retained  by  the 
mature  sporangium.  Tlie  spores  are  all  unicellular.  Each  spore  has 
a  wall  composed  of  two'  coatq,  an  exine,  which  is  cutinised,  and  an 
INTINK,  consisting  of  cellulose.  The  spores  of  certain  Pteridophytes 
are  invested  by  a  second  specially  differentiated  outer  coat,  the  Per- 
INIUM,  whicli  is  divided  from  tlie  protoplasm  of  the  tapetal  cells. 

The  spores  of  the  majority  of  the  Pteridophytes  have  all  the  same 
structure,  and  give  rise  on  germination  to  a  prothatlium,  which  pro- 
duces both  antheridia  and  archegonia.  In  certain  cases,  however,  the 
prothallia  are  dioecious.  This  separation '  of  the  sexes  extends  in 
some  groups  even  to  the  spores,  which,  as'BiACROSPORES,  developed 
in  MACROSPOBANGIA,  give  rise  only  to  female  prothallia ;  or  as  micro- 
spores, which  are  produced  in  microsporangia,  develop  similarly 
only  male  prothallia.  In  accordance  with  this  difference  in  the  spores, 
a  distinction  may  be  made  between  the  homosporous  and  hetkro- 
8P0RUUS  forms  of  the  same  group;  but  this  distinction  has  no 
systematic  value  in  defining  the  difiereut  groups  themselves,  as  it  is 
mauifested  to  an  equal  degree  in  groups  in  other  respects  quite 
distincL 

Compared  with  the  Bryophjta,  the  asexual  cormophytic  generation 
of  the  Pteridophytes  corresponds  to  the  sporogonium,  the  prothallium, 
oil  the  other  hand,  to  the  Moss-plants  with  its  protonema;  although 
lK)th  groups  may  have  originated  phylogcnetically  from  a  common 
ancestor,  they  have  followed  altogether  different  directions  in  the 
course  of  their  further  development  The  correspondence  in  the 
structure  of  their  sexual  organs,  in  particular,  points  to  tlie  existence 
of  a  relationship  between  them ;  on  the  other  hdnd,  their  asexual 
generations  exhibit  the  greatest  disagreement,  so  that  it  would  not 
seem  admissible  to  regard  the  asexnal  generation  of  the  Pteridophytes 
as  derived  from  the  sporogonium  of  the  Mosses,  although  it  is 
manifestly  homologous  with  it 

The  existing  Pteridophyta  are  classified  as  follows : — 

1.  Filkinae. — Ferns,  stem  simple  or  branched,  with  well-developed. 
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alternate,  often  deeply  divided  or  compound  leaves.  Sporangia  either 
on  the  under  side  of  the  sporophylla,  united  in  Bori  or  free,  oj^ulosed 
in  special  segments  of  the  leaves.  ^H 

Order!.  FUices. — Ferns,  in  the  narrower  senBe.     Homo^rous. 

Order  2.  Hydroptmdeae. — Water-Ferns.     Heteroaporoua. 

2.  EquiseUnae. — Horse-tails,  stem  simple  or  verticillately  branched, 
with  whorled,  scale-like  leaves  forming  a  united  sbeath  at  each  node. 
Sporophylls  shield-shaped,  bearing  the  sporangia  on  the  under  side,  and 
aggregated  into  a  cone  at  the  apex  of  each  fertile  shoot. 

Order  3.  ^jiiweteeoe.— Horse-tails.     Homoeporous. 

3.  Lycopodinae. — Club  Mosses.  Sterna  elongated,  dicbotomousty 
branched,  either  forked  or  forming  a  sympodiiim,  with  leaves,  m 
many  cases  greatly  reduced,  or  shortened  and  tuberous  with  aw!- 
sbaped  leaves.  Sporangia  arising  singly  in  the  form  of  firm-walled 
capsules  either  from  the  stem,  in  the  leaf-axils,  or  from  the  leaf-base. 

Order  4.  Lffcopodiiiceae. — Club  Mosses.     Homosporous. 
Order  5.  Selagineliaceae. — Heterosporous. 
There  are  also  various  fossil  groups,  some  of  which  are  included 
in  the  above  divisions,  while  some  form  independent  orders. 


FUicinae  (Ferns) 
Order  1.  Pilices 

The  Filice's  (True  Ferns)  constitute  the  larger  part  of  the  Vascular 
Cryptogams.  They  comprise  a  large  num^r  of  genera  with  numerous 
species,  being  widely  distributed  in  all^tirta  of  the  world.  They 
attain  their  'highest  development  in  the  tropics.  The  Tree-Fems 
(Cyaihfa,  Alsopkila,  etc.),  which  include  the  largest  representatives  of 
the  order,  occur  in  tropical  countries  and  characterise  the  special 
family  of  the  Cyaikeaceae.  The  stem  of  a  Tree-Fern  is  woody  and 
unbranched ;  it  bears  at  the  apex  a  rosette  of  pinnately  compound 
leaves  or  fronds,  which  are  produced  in  succession  from  the  terminal 
bud,  and  leave,  when  dead,  a  large  leaf  scar  on  the  t^nink.  The  stem 
resembling  that  of  a  Palm  in  habit,  it  is  attached  to  the  soil  by  means 
of  numerous  adventitious  roots. 

The  majority  of  Ferns,  however,  are  herbaceous,  and  possess  a 
creeping  rhizome,  terminating  usually  in  a  rosette  of  pinnate  or  deeply 
divided  leaves.  Such  a  habit  and  growth  are  illustrated  by  the  common 
Fern  Aspulium  JUix  mas,  the  rhizome  of  which  is  officinal. 

When  young,  the  leaves  (fronds)  of  this  Fern  are  coiled  at  the  tips 
(Fig.  332, 1,ti),  a  peculiarity  common  to  the  Ferns  as  a  whole,  and  to  tbe 


Flo.  sa.-Atridliinflitx  nai.  1,  lUnatratlon  exhibiting  gBiiei«l  Habit ;  o,  young  Iravw :  i,  ImnKvprse 
h,  apaniiRlti;  1,  loDgltiiilinal  :  \  tmoBv^ne  section  of  a   aorw.  a,  leaf;  »,'ln<1us<uni :  c. 
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Water-Fenis.     Unlike  the  leaves  of  Phanerogams,  Fern  leaves  continue 
D  grow  at  the  apex  until  their  full  size  is  attained.     The  leaves  of 


the  common  Polypodium  ndgare  are  pinnate,  and  spring  singl^from 
the  ujiper  side  of  tiie  branched  rhizome,  which  creeps  amongsftiloss 
.    or  on  rocks.     In  other  cases  the  leaves  may  be 
simple  and  undivided,  as  in  the  Hart's-Tongue 
Fern,  Scolopendrium  tulgare,  at  one  time  officinal 
and  designated  Ilerha  linguae  cfnrinae  (Fig.  333). 
In  the  tropics  many  herbaceous  Fems  grow 
aa  epiphytes  on  forest  trees.     Peculiar  brownish 
scales  (paUae,  rammla),  often  fringed  and  consist- 
ing of  a  siii<,'le  layer  of  cells,  invest  the  stems, 
petioles,   and  sometimes  also  the  leaves  of  most 
Ferns  (Fig.  113,  p.  98). 

The  sjxirangia  ai'B  genei'ally  produced  in  lai^e 
numbers,  on  the  under  side  of  the  leaves.  The 
sjiorophylls,  as  a  rule,  resemble  the  sterile,  foliage 
leaves.  In  a  few  genera  a  pronounced  hetero- 
pbyll  is  exhibited  :  thus,  in  the  Ostrich  Fern, 
Strulkiopleris  genmnica,  the  dark-brown  sporo- 
phylls  are  smaller  and  less  profusely  branched, 
standing  in  groups  in  the  centre  of  a  rosette  of 
large  foliage  leaves. 

In  the  different  families,  differences  in  the 
mode  of  development,  as  well  as  in  the  form, 
position,  and  structure  of  the  sporangia,  are 
manifested. 

The  sporangia  of  the  Polypodiaceak,  in 
Fio.  833.— sojo,*s.(rium  which  family  the  most  familiar  and  largest  num- 
mignir.  (1  iiat, >1».)  ber  of  species  are compiised,  are  united  in  groups 
or  soiii  on  the  under  side  of  the  leaves,  at  the  ends 
of  or  between  the  branches  of  the  nerves.  They  are  borne  on  a  cushion- 
like projection  of  tissue  termed  the  receptacle  (Fig.  332,  5),  and  in 
many  species  are  covered  by  a  protective  membrane,  the  IndusiuH, 
which  is  an  ovei^rowth  of  the  tissue  of  the  leaf  (Fig.  333,  3-5  ; 
Fig.  334,  A,  i).  Each  sporangium  arises  by  the  division  of  a  single 
epidermal  cell,  and  consists,  when  ripe  (Fig.  334,  .B-Z^),  of  a  capsule 
attached  to  the  receptacle  by  a  slender  multicellular  stalk,  containing 
a  large  number  of  spores  with  a  ribbed  or  warty  thickened  exine 
(Fig.  334,  F).  The  wall  of  the  ca|)sule  is  formed  of  a  single  layer  of 
cells.  A  row  of  cells  with  strongly  thickened  radial  and  inner 
walls,  extending  from  the  stalk  over  the  dorsal  side  and  top  to  the 
middle  of  the  ventral  side  of  the  capsule,  are  specially  developed  as  a 
ring  or  ANNULUS,  by  means  of  which  the  dehiscence  of  the  sporangium 
is  effected.  Through  the  contraction,  on  loss  of  water,  of  the  thin 
outer  walls  of  the  cells  composing  the  ring,  it  springs  backwards,  and 
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produces  a  transverse  nipture  of  the  capsule  between  the  broad  cells 
ut  its  extremity  {Fig.  334,  E).  It  then  returns  sud ilea  1y  to  its  original 
position,  only  once  more  to  uncoil  until  it  assumes  a  nearly  vertical 
position. 

The  form  and  insertion  of  the  son,  the  shape  of  the  Indusium 
when  present,   or  its  absence,    all  constitute  imjKtrtant   criteria   for 


distinguishing  the  different  genera.  The  aoii  of  Scdtipendiium  (Fig. 
333)  are  linear,  and  covered  with  a  lip-shajwd  indusium  con- 
sisting of  one  cell-layer.  They  are'eo  disposed  in  pairs,  on  different 
sides  of  every  two  successive  nerves,  that  they  appear  to  have  a 
double  indusium  opening  in  tlie  middle  (Fig.  334,  A).  In  structure 
the  indusium  resembles  the  epidermis,  but  the  stomata  are  absent,  and 
the  chromatophores  are  colourless.  In  the  genus  Aspidium,  on  the 
other  hand,  each  sorus  is  orbicular  in  form  and  covered  by  a  peltate 
or  reniform  indusium  attached  to  the  apex  of  the  placenta.      The  sori 
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of  Pott/podium  valgare  are  also  orbicular,  but  they  have  no  indusia.  In 
the  common  Brake,  Pterts  aquilina,  the  sporangia  form  a  codUduoob 
line  along  the  entire  margin  of  the  leaf,  which  folds  over  and  cevers 
them  with  a  false  indusiutn. 

The  spornngiit  of  the  CyiUlieaceat,  to  which  fuiuil;  belong  principallj  the  tnc- 
like  Ferns,  ure  characterised  by  a  complete  antiDlus  extending  obliquBljr  »"'  Cl>* 
apex  of  the  capsule  (Pig.   335,   B).      The  Hynunopkytliuxat,  often  growing  u 


epiphytes  on  Tree-Ferna,  have  also  sporangia,  with  a  complete,  oblique,  or  horitont*! 
annulas.  The  sporangia  of  the  Sckizaeaceat,  on  the  other  hand,  have  an  spiral 
annulua  (Fig.  385,  (7),  while  in  the  Oiatundaaac,  of  which  the  Boyal  Fern,  Osmuiia 
regalii,  ia  a  familiar  example,  the  annulua  is  represented  merely  by  a  group  of  thick- 
walled  cells  just  below  tbe  apex  of  the  sporangium  (Fig.  335,  A). 

Ferns,  like  those  Just  referred  to,  in  which  each  sporangium  ia 
developed  from  a  single  epidermal  cell,  are  classed  together  as  Filicfi 
lepiospoianguitae,  in  distinction  to  the  Eusporantjiatae,  in  which  ihe 
sporangia  take  their  ongm  from  a  group  of  epidermal  and  underlying 
cells.  The  Evsporangialae  comprise  the 
two  families  MaratHaceae  and  Opto- 
glossacme. 

The  Maratliacmt  are  tropical  Ferns,  witk 
thick,  tuberous  stems  and  gigautic  fronds,  esct 
with  two  stipules  at  the  base.  Their  matnrt 
sporangia  are  provided  with  a  stilf  and  firm 
msny.layered  wall,  and  are  either  free  {Jigi- 
_[  opieris),  or  all  the  sporangia  of  a  sorui  ai 
united  in  an  oval,  capsnle-like  body,  divided 
A  from  tbs  side  ■  B  corresponding    number    of   chanimn 

.„..!   .h..!.,  a.  .I,..b,».  ■(,    (Fig.  33«1. 

IS  >  The  Ophiogloisaceat  include  but  few  sifcies- 

Examples  of  this  family  are  afforded  by  Ofkv) 

glouum  rulijaluiii.  Adder  s  Tongue,  and  Botnjckium,  Uoouwort  (Fig.  337),    Botli 

have  a  short  stem,  from  which  only  a  single  leaf  unfolds  each  vear.     The  learn 

in  both  cases  are  provided  with  leaf-ahealhs,  and  peculiarly  divided  into  fertilt 
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and  sterile  aegmenta.     In  Ophioglossum  the  i^terile  leaf-like  segmeut  is  tongue- 
ahaped,  the  fertile  segment  narrow  and  cylindrical,  bearing  the  sporangia  in  two 
rows  sunk  in  the  tiasue.     Tlie  sterile  iKtrtion  of  tlie  leaf  of 
Botrydiitim  is  pinnate,  while  the  fertile  segment  is  piu- 
natelf  branched,  and  thicklj  beset  on  the  inner  side  nitli 
large  nearly  spherical  sporangia. 

All  the  members  of  the  Fitices  are  homosporous- 
The  PROTHALUUM  has  usually  the  form  of  a  Hat, 
heart-shaped  ttiallus  (Fig.  330),  bearing  the  anther- 
idia  and  archegooia  on  the  under  side ;  but  in 
Botryehium  it  is  represented,  on  the  contrary,  by  a 
small  subterranean  tuberous  body  which  is  sapro- 
phytic, and  produces  the  sexual  organs  on  the 
upper  Bide.  In  certain  Hymenopht/llaceae  {Tri- 
rkomams),  on  the  other  hand,  the  prothallium  is 
filiform  and  branched,  resembling  in  structure  the 
protonetua  of  the  Mosses,  and  producing  the 
antheridia  and  archegonia  on  lateral  branches. 

The  ANTHERIDIA  and  archegonia  are  similarly 
constructed  in  nearly  all  Fenis  ;  those  of  Polij- 
podium  vulgare  (Figs.  338,  339)  may  serve  as  a 
type  The  antheridia  ire  spherical  projecting 
bodies  (Fig  33S,  J  p)  ansing  on  young  pro- 
thallia  by  the  septation  and  further  division  of 
papillte-libe  protrusions  from  single  superficial 
»  cells.    When  mature, 

each    antheridium 
consists  of  a  central 
cellular  cavity,  filled 
with      sperm  atozoid 
mother-cells,  and  en-  , 
closed     by     a     wall 
formed  of  two  ring- 
shaped  cells  (A,  1,  2)  and  a  lid-cell  (3). 
The   spermatozoid    mother-cella   are  pro- 
due^  by  the  division  of  the  central  cells. 
They  are  discharged  from  the  antiieridium 
.   by  the  pressure  exerted  by  the  swollen 
■  ring-cells,  and  the  consequent  rapturing 
'  of  the  lid-cell.      Each  mother-cell   thus 
'one  ejected  liberates  a  spirally  coiled  spenna- 
ip  B  tozoid.     The    anterior  extremity   of  the 
■  ■ '    ' "        ■ '  si>ermatozoid    ia    beset    with     numerous 

cilia,  while  attached  to  its  [wsterior  end  is  a  small  vesicle  which  con- 
tains a  number  of  granules,  and  represents  the  unused  remuant  of 
the  contents  of  the  mother-cell  (Fig.  338,  D,  C ;  Fig,  70,  Ji,  p.  67). 


.  338.  —  faliTwdlxm  i 
faturo,  B,  dlBChnrgnl  naClieri- 
llum  ;  p,  iiTDtlialllum  cull ;  1  bd 
;  ring-nhaica  cells  ;  S,  lid-cell ;  < 
,  Hpenntozoiil  la 
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The  archegonia  arise  from  the  many-layered  median  portion  of 
older  prothallia.  They  are  developed  from  a  single  superficial  cell, 
and  consist  of  a  ventral  portion,  embedded  in  the  prothailiimi,  and  a 
neck  portion.  The  neck,  which  projectB  above  the  surface  of  the 
prothallium,  consists  of  a  wall  cotnposed  of  a  single  layer  of  cells 
made  up  of  four  cell  rows  (Fig.  339,  A,  B) ;  it  encloses  a  central  row 
of  cells,  the  neck-can al-cells. 


The  ventral  portion  comprises  the  large  egg-cell  and  ventral  canal- 
cell  immediately  above  it.  As  the  archegoQium  matures,  the  canal-cells 
become  disorganised,  and  fill  the  canal  with  a  strongly  refractive 
mucilaginous  substance.  This  swells  on  the  admission  of  water,  ami 
rupturing  the  neck  at  the  apex  is  discharged  from  the  archegonium, 
which  is  now  ready  for  fertilisation.  By  means  of  an  acid  excretion 
(malic  acid)  diffused  in  the  surrounding  water  the  sjiermatozoids  are 
attracted  to  the  archegonium,  and  penetrate  to  the  egg-cell.  After 
fertilisation  of  the  e^  by  one  of  the  spermatozoids,  the  egg-cell  sur- 
rounds itself  with  a  cell  wall,  and  without  entering  upon  a  condition  of 
rest  develops  into  the  embryo  of  the  asexual  generation,  as  already 
described  (p.  398,  Fig.  331). 

Officinal. — The  only  representative  of  the  Ferns  is  ..^^^iuin^iz 
mas  (Rhizoma  filicis). 

Order  2.  Hydropterldeae  (Water-Ferns) 

The  Water-Ferns  include  only  a  few  genera,  which  are  more  or  less 
aquatic  in  habit,  growing  either  in  water  or  marshy  places.  The  macro- 
and  microsporangia  do  not  develop,  like  those  of  the  FUices,  on  the 
under  side  of  the  leaves,  but  are  enclosed  in  special  receptacles  at  their 
base,  constituting  sporangial  fructifications  or  sporocarps.  To  designate 
this  order  Miaocarpae,  as  was  formerly  the  custom,  is  not  appropriate, 
as  the  siK>rocarpB  do  not  arise  on  the  roots,  but  always  on  the  leaves. 
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The  Water-Ferns  are  divided  into  two  families,  MaTiiliaceae  and 
SaleiniafAae,  each  of  which  includes  two  genera. 

MarsUiactae. — Of  the  two  genera  belonging  to  this  family  the 
more  important  is  the  genus  Manilia,  com- 
prising about  fifty  species,  of  which  M. 
qitcfinfoliala  (Fig.  340)  may  be  taken  as  an 
example.  This  species  grows  in  marshy 
meadows,  and  has  a  slender,  creeping, 
branched  axis,  bearing  at  intervals  single 
leaves.  The  young  leaves  are  coiled  at  the 
tip  (circinate)  ;  in  this  respect  the  leaves  of 
the  MarsUiareae  exhibit  tie  same  mode  of 
growth  as  tliose  of  the  Ferns.  Each  leaf 
hiia  a  long  erect  petiole,  surmounted  by  a 
compound  lamina  composed  of  two  pair  of 
leaflets  inserted  in  close  proximity.  The 
stalked  oval  sporocarps  (s)  are  formed  in 
pairs  above  the  base  of  the  leaf-stalk,  or  in 
other  species  they  are  more  numerous ;  they 
represent  a  fertile  leaf-aegment  corresi>ond- 
:,  ing  to  the  hiju- 

gate  sterile  leaf 

lamina.        The 

a  porang  i  a, 

united    in  son, 

are        enclosed 

within  the  cap-   "'"■  ""i- -  «'*'^"'  i-«-inMi.,«. 

SUle,       disposed         (Arur  Bixchoff,  reduced.) 

in  two  rows  in 

correapondingly  arranged  cavities ;  in  the 
3'oung  fruit  each  chamber  opens  outwards 
on  the  ventral  side  by  means  of  a  narrow 
canal,  which  eventually  becomes  closed. 
The  sporangia  are  developed  originally,  as 
in  the  Fern,  from  superficial  cells,  but 
become  arched  over  by  the  surrounding 
tissue,  aod  thus  subsequently  appear  as  if 
formed  in  internal  chambers. 

niularia,  the  second  genus  included 
in   this  family,   grows  also  in    bogs  and 

Flo.  Mi.-fUuiaria  jfiohi^ycra,     i,   marslies.     It  differs  from  MarsUia  in  its 

j^edT"^   '*^^  BistHoyr,  re-  gj„,pig  ijnear  leaves,  at  the  base  of  which 

occur    the    spherical     s[>orocarj>s,    which 

arise  singly  from  the  base  of  each  sterile  leaf-segment  (Fig.  341). 

Salviniaceae.  —  This    family    contains    only    free  -  floating    aquatic 

plants  belonging  to  the  two  genera  Sahinia  and  Azolla.     In  Salnnia 

,    ■„,  i.t'.OO. 


ioa  BOTANY  PART  n 

nalans,  as  representative  of  the  first  genus,  the  Bparingly  branched 
stem  gives  rise  to  three  leaves  at  each  node.  The  two  upper  learei 
of  each  whorl  are  oval  in  shape,  and  developed  as  floating  foliage 
leaves ;  the  third,  on  the  other  hand,  is  Bubraerged,  and  consisCe  of  a 
number  of  pendent  filamentous  segments  which  are  densely  covered 
with  faairs,  and  assume  the  functions  of  the  missing  roots.  The 
sporocarps  have  an  entirely  different  mode  of  development  from  that 
of  the  Mursilwceae  ;  they  are  spherical,  and  are  borne  in  small  groups 
on  the  submerged  leaves  at  the  base  of  the  filamentons  segmeots 
(Fig.  342).  The  sporangia  are  produced  within  the  sporocarp  from 
a  column-like  receptacle,  which  corresponds  in  origin  to  a  modified 
leaf-segment.  The  envelope  of  the  sporocarp  is  equivalent  t«  an 
indusium  ;  it  arises  as  a  new  growth  in  the  form  of  an  annular  wall, 


Fiu.  m.—Salni 


which  is  at  first  cup-shaped,  but  ultimately  closes  over  the  receptacle 
and  its  sorus  of  sporangia. 

The  second  genus,  Azolla,  is  chiefly  tropical,  represented  by  small 
floating  plants  profusely  branched,  and  beset  with  two-ranked  closely 
crowded  leaves.  Each  leaf  consists  of  two  lobes,  of  which  the  upper 
floats  on  the  surface  of  the  water,  while  the  lower  is  submeiged.  A 
small  cavity  enclosed  within  the  upper  lobe,  with  a  narrow  orifice 
opening  outwards,  is  always  inhabited  by  fl laments  of  an  Alg& 
(Aiutbaena).  From  the  fact  that  hairs  grow  out  of  the  walls  of  the 
cavity  between  the  algal  filaments,  the  existence  of  a  symbiotic  rela- 
tion between  the  two  plants  would  seem  to  be  indicated.  Unlike 
Sdlmnia,  j^^olhi  possesses  true  roots  developed  from  the  under  side  of 
the  stem.  The  siwrocarps  are  nearly  spherical,  and  produced  uwiall)' 
in  pairs  on  the  under  side  of  the  first  leaf  of  some  of  the  lateral 
branches. 


DigiLizedbyGoOglc 


BECT.  I  CRYPTOGAMS  i09 

In  the  Btructure  of  the  sporangia  and  sporea,  and  in  the  development 
of  the  prothallia,  the  Hydropterideae  dtfier  in  many  respects  from  the 
Filices.  These  differences  may  be  best  understood  on  reference  to 
Salvinia  natans  as  an  example.  The  sporocarps  contain  either  numerous 
microspoi-angia  or  a  smaller  number  of  macrosjxirangia  (Fig.  343,  j4, 
mil,  mi).  In  structure  both  forma  of  sporangia  resemble  the  sporangia 
of  the   leptosporangiate   Ferns ;    they  are  stalked,   and  have,   when 


K  SlS.-5n/rinfa  unUtiu.    A.  Tlic."-  sporucn 

rjM  in 

ideilian.  IgT.gltii.Lii,.!  ^llau;  m... 

iihI  du 

liuiii;  a,  proteltl  gislns;  n,  iiiii;lfiis( 

mature,  a  thin  wall  of  one  cell-layer  but  no  annulus  {B,  D).  The 
SIICBOSPORANGIA  enclose  a  lai^  number  of  microspores,  which,  as  a 
result  of  their  development  in  tetrads  from  the  mother-cells,  are 
disposed  in  groups  of  four  {U),  and  embedded  in  a  hardened  frothy 
mass  filling  the  cavity  of  the  sporangium.  This  frothy  interstitial 
substance  ia  derived  from  the  tapetal  cells,  which  gradually  lose  their 
individuality  and  wander  in  between  the  spore  mother-cells. 

The  microspores  are  not  discharged,  but  wliile  still  enclosed  within 


>^jOOg[c 


the  unruptured  micrOBporangiuin,  each  germinating  microspore  puts 
out  a  short  tubular  male  prothallium,  which  pierces  the  sporangial 
wall.  In  this  process  the  microspore  first  divides  into  three  cells 
(Fig.  344,  A,  I-III);  the  lowest  (/)  then  cuU  off  a  small  lenticular- 
shaped  cell  (B,  p),  which  may  he  re- 
garded as  the  rudiment  of  an  unde- 
veloped root-hair  cut  off  from  the  larger 
cell  a.  The  latter  (a)  thereupon  elon- 
gates and  pushes  the  other  two  cells  (//, 
///)  out  of  the  microsporangium.  These 
two  cells  each  give  rise,  hy  further 
division,  to  two  sterile  cells  and  two 
spermatogenous  cells,  representing  two 
antheridia  with  their  respective  sterile 
wall-cells.  Each  antheridium  produces 
four  spermatozoids,  which  are  set  free 
by  the  rupture  of  the  cell  walls. 
Although  the  whole  male  prothallium 
is  thus  greatly  reduced,  it  nevertheless 
exhibits  in  its  structure  a  pronounced 
resemblance    to    the    prothallia  of   the 

..  .1 1 .■..iii...„      .   rf..,.,^-    riivxs. 

The    MACROSPORANGIA    are    larger 
'   than  the  microsporangia,  but  their  walls 
consist  similarly  of  one  cell-layer  (Fig. 
,   343,  D).     Each  macrosporangium  pro- 
■  duces  only  a  single  large   macrospare, 
[   which  develops  at  the  expense  of  the 
>UB  spores  originally  formed.  The 
[  macrospore  is  densely  filled  with  large 
w.ii-ceii8.   (After  BgiAjEFT.)  angular  proteid    grains   (D,   E,   a),   oil 

globules,  and  starch  grains ;  at  its  apex 
the  protoplasm  is  denser  and  contains  the  nucleus  (H,  n) ;  the  mem- 
brane of  the  spore  is  covered  by  a  dense  brown  exinium  (E,  e),  which 
in  turn  is  enclosed  in  a  thick  frothy  envelope,  the  perinium,  investing 
the  whole  spore  and  corresponding  to  the  interstitial  substance  of  the 
microspores,  and  also  formed  from  the  dissolution  of  the  tapetal  cells. 
The  macrospore  remains  within  the  sporangium,  which  is  eventually 
set  free  from  the  mother  plant.  On  the  germination  of  the  macro- 
spore, a  small-celled  female  prothsllium  is  formed  by  the  division  of 
the  denser  protoplasm  at  the  apex,  while  the  lai^e  underlying  cell 
does  not  take  part  in  the  division,  but  from  its  reserve  material  pro- 
vides the  developing  prothallium  with  nourishment.  The  spore  wall 
splits  into  three  valves,  the  sporangia  are  mptured,  and  the  green 
prothallium  protrudes  as  a  small  saddle-shaped  body.  On  it  three 
archegonia  are  produced,  but  only  the  fertilised  ^g-cell  of  one  of 
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them  develops  into  an  embryo,  whose  foot,  remaining  for  a  time  eunk 
in  the  venter  of  the  archegonia,  finally  ruptures  it  (Fig.  345).  The 
first  leaf  of  the  germ-plant  is  shield-shaped  (Fig,  342,  C). 

Xlie  developmeut  of  Amlla  proeeeda  in  a  aimilar  manner,  but  the  sporangia 
and  Hporos  eiliibit  a  noinber  of  distinctive  peculiaritiea.  The  numerous  spores  of 
the  microsporangia  are  aggregated 
into  seieral  uenrlj  spherical  balls 
orraassnlffi,  formed  from  the  inter- 
stitial aubstuDce  derived  from  the 
protoplsam  of  the  tapetal  cells. 
Each  masaula,  enclosing  a  num- 
ber of  spores,  is  beset  externally 
with  barbed,  hook -like  out- 
growths of  the  interstitial  sub- 
stance. On  tlie  rupture  of  the 
sporangia  the  mossulce  are  set 
free  in  the  water,  and  are  carried 
to  the  macrospores,  to  which 
they  book  themselves  fast.  A 
sporocarp  contains  ons  maci-o- 
sporangitini,  in  which  only  s 
single  macros  pore  conies  to  matu- 
rity ;  in  the  course  of  its  develop- 
ment it  supplants  all  the  other 
spore-Tudimenta,  and  finally  the 
sporangial  wall  itself  becomes 
Battened  against  the  inner  wall  of 
the  sporocarp,  frequently  under- 
going at  the  some  time  partial 
dissolution.  The  macrospore  is 
enveloped  by  a  spongy  perinium 
whose  outer  surface  exhibits 
numerous  depressions  and  pro- 
tuberances prolonged  into  tils-  Fio.  34i,— ^'nirinui  iuiMks.  Embryo  In  longitudinal  see. 
ments.  At  the  apex  of  the  spore  tlnn ;  pr,  prothallinm  ;  S,  spore-cell ;  i,  ciiniuui ;  p, 
the  perinium  expands  into  three  Perinium  ;  .7™-.  apon.ngi.1  ™il ;  or,  uthBgonlum  ; 
^'  ,        "^    .  ..,  ,i>J,r,eiobryo;/,toot:W,.Wj,W,,thettnitthreele«™5: 

pear,  shaped    apiwndages,    while         „,  „pej  „,!,„„,.    (After  Phinoshihi,  ^(  100.) 
the  upper  part  of  the  ruptured 

sporangium  remains  attached  to  the  spore  in  the  farm  of  an  umbrella- like  expansion. 
The  formation  of  the  protballia  is  effected  in  essentially  the  same  way  as  in  Sal- 
vinia,  except  that  only  one  antheridium  with  eiglit  spermatozoids  arises  on  each 
of  the  small  male  prothallia  protruding  from  a  massula. 

In  the  case  of  the  Marsitiaccat  the  protballia  are  even  mora  reduced,  but  other- 
wise their  mode  of  development  is  very  similar.  Each  of  the  minute  female 
protballia  formed  at  the  apices  of  the  macrospores  produce  a  single  archegonium. 

The  sporocarps  of  the  Marailiaceae  have  a  more  complicated  structure  :  those  of 
Pilularia  globuUfira  are  divided  into  four  chambers,  each  with  a  single  aorus  ;  in 
Marsilia  they  enclose  numerous  sori  (14-18)  disposed  in  two  rows.  The  sori  in 
both  genera  contain  both  micro-  and  macrosporangia,  while  thoseof  the  A'nJtjwiiKdM 
are  always  unisexual. 
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Class  II 
Eqiuisetinae  (Horse-tails) 

The  Eqtdsetiiiae,  which  form  an  entirely  independent  class,  include 
only  the  one  geDUs  Equiselnm,  comprising  25  specios,  found  widely 
distributed  over  the  whole  world.  Developed  partly  as  land-,  partly 
aa  swamp-plants,  they  may  always  be  distinguished  by  the  character- 
istic structure  and  habit  of  the  asexual  generation.  They  have  i 
branching,  underground  rhthome  on  which  arise  erect,  aerial  hauhns, 
usually  of  annual  growth.  The 
rhizome  of  the  common  Horse-tail, 
Equixelum  arvense,  develQi>s  also  short 
tuber-like  branches  which  function 
as  reservoirs  of  reserve  material  and 
hibernating  organs  (Fig.  347,  S,  a). 
The  aerial  haulms  remain  either 
simple,  or  they  give  rise  to  branch 
whorls,  and  these  in  turn  to  whorls 
'  of  a  higher  order.  Each  axis  con- 
sists of  a  series  of  elongated  inter- 
nodes  ;  externally,  it  is  channelled 
by  longitudinal  furrows,  while  in- 
ternally it  is  traversed  by  a  central 
-^  ■  air- passage    and    by    a    number  of 

Fill.  34a. -EqiiiiittimarcciiM.  Tnnirfi^p  ^.  Smaller  peripheral  passages,  valle- 
tioi,  through  thBHWtn.  m,ijr,igenicmedui-  ^,,1^^  canals,  ouB  Opposite  each  of 
hl'^^^'bico'itoM'rarb™rtte'a;'ri,"™ii™iisr  t^e  furrows  (Fig,  346).  Between 
caiittes;  hp,  Boiermchj-nmioue  utranrts  in  the  central  and  vallecular  canals, 
the  furrows  .nd  ridge-;  cj,  tiwue  of  the  ^^^  alternating  with  the  hitter,  is 

prlnisry  cort«y  eonttlning  chloro|)hyU :  «,  .     ,  .     l-      n   .        i  I 

rowBotsioinaui.  (x  11.)  ^    Circle    of    btcollateral    vascalar 

bundles,  each  of  which  is  thus  in 
a  line  with  a  surface  ridge.  Each  vascular  bundle  is  also  traversed 
by  a  longitudinal  water-passage,  the  carinal  canal. 

The  leaves  of  the  Equiseiinae,  both  in  their  structure  and  in  the 
manner  of  their  arrangement  on  the  stem,  are  also  characteristically 
developed.  At  each  node  is  home  a  whorl  of  scale  leaves  pointed  at 
the  tips,  and  united  below  into  a  sheath  closely  enveloping  the  base 
of  each  internode.  The  leaves  of  the  successive  whorls  alternate 
regularly  with  each  other,  and  as  each  leaf  is  in  direct  continuation 
with  a  surface  ridge  of  the  next  lower  internode,  the  same  alter- 
nating arrangement  is  apparent  in  the  ridges  of  two  successive  inter- 
nodes.  The  lateral  branches  are  developed  in  the  axils  of  the . 
scale  leaves,  but  not  having  space  to  grow  upwards  they  pierce  ths 
narrow  sheath.     As  a  result  of  the  reduction  of  the  leaf  lamiax, 
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the  hnulma  themselves  assume  the  function  of  assimUation,  and  for 
that  purpose  their  cortical  tissue  under  the'  epidermis  is  provided  with 
chlorophyll.  , 

The  SPORANGIA  are  formed  of  specially  shaped  leaves  or  sporo- 
phylls.  Like  the  acale  leaves  the  sporophylls  are  developed  in  whorls, 
but  are  closely  aggregated  at  the  tips  of  the  erect  fertile  shoots  into 
a  cone  (Fig.  347,  1,  a),  which  is  sometimes  spoken  of  us  a  flower, 
from  the  correspondence  in  its  structure  to  the  male  flower  of  the 
Conifers.  The  lowest  whorl  is  sterile,  and  forms  a  collar-like  pro- 
tuberance, which  may  be  regarded  as  a  modified  form  of  perianth. 
The  sporophylls  (Fig.  347,  3,  4)  are  stalked  and  have  a  shield-shaped 
lamina,  on  the  under  side  of  which  are  borne  the  sac-tike  sporangia  (5- 
10).  In  the  young  sporangium  the  sporogenous  tissue  Is  surrounded 
by.a  wall  consisting  of  several  cell  layers,  but  eventually  the  so-called 
tapetal  cells  of  the  inner  layers  become  disorganised,  and  their  proto- 
plasm penetrates  between  the  developing  spores.  At  maturity,  the 
wall  of  the  sporangium  consists  only  of  the  outermost  of  the  original 
layers  whose  cells  are  provided  with  annular  and  spiral  thickenings ; 
the  sporangia  thus  resemble  the  homologous  pollen-sacs  of  Phanero- 
gams. The  sporangia  split  longitudinally,  and  set  free  a  large 
number  of  green  spores,  which  are  nearly  spherical  In  shape,  and  have 
peculiarly  constructed  walls.  In  addition  to  the  iutine  and  exine, 
the  spores  are  overlaid  with  a  periuium  formed  from  the  protoplasm 
of  the  tapetal  cells,  and  consisting  of  two  intersecting  spiral  bands 
which  are  attached  to  the  spores  only  at  their  point  of  intersection 
(Fig.  347,  5-7).  On  drying,  the  spiral  bands  loosen  and  become 
uncoiled ;  when  moistened  they  close  again  around  the  spore.  By 
means  of  their  hygroscopic  movements  they  serve  to  hook  together 
the  spores,  and  in  this  way  is  assured  the  close  proximity  of  the 
unisexual  prothallia  which  they  produce. 

In  certain  ap«cieB  aome  of  the  Kcrial  liaulius  always  remain  sterile,  branching 
]irofusBlj,  while  othere  which  produce  the  terminal  ooneH  either  do  not  hrsnch  at  all, 
or  only  at  a  later  stsj^e,  and  then  sparingly.  This  distinction  between  tbe  sterile  and 
fertile  haulms  is  most  marked  in  Equiaelum  arcenie  and  Equiietum  TclmaUja,  in 
both  of  which  the  fertile  ahoots  are  entirely  unbranched,  and  terminate  in  a  single 
cone  (Fig.  347,  1).  Resembling  in  tbeir  mode  of  life  a  parasite  upon  the  rhizome, 
tbey  are  otbervrise  distinguiabed  from  the  vegetative  bauhns  by  their  lack  of 
chlorophyll  and  their  light  yellow  colour. 

The  spores  are  all  of  one  kind,  and  on  germination  give  rise  to 
thalloid  PROTHALLIA,  which  are  generally  dioecious.  In  the  adjoining 
figure  (Fig.  348)  a  male  prothallium  of  Eijuiselum  aixense  is  represented, 
showing  the  first  formed  antheridia  (a)  somewhat  sunk  in  the  tissue. 
The  female  prothallia  attain  a  large  size,  and  bi-anching  profusely,  are 
prolonged  into  erect,  ruffled  lobes  at  whose  base  the  archegonia  are 
produced.  In  structure  the  archegonia  resemble  those  of  the  Ferns 
(rf.  Fig,  339,  p.  406),  but  the  upper  cells  of  the  four  longitudinal 
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rows  of  cells  constituting  the  neck  are  more  elongated  and,  on  opening, 


»T.-E7»l«/«m  «r 
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curve  Btrongly  outwards.     The  deyelopment  of  the  embryo  corresponds, 
rc,:cdbv  Google 
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also,  esaentially  with  that  of  the  Fern-embryo,  except  tbat  the  firet 
leaves  are  arranged  iu  a  whorl  and  encircle  the  apex  of  the  etem. 
The  growth  of  the  embryo  is  effected  by 
the  diviBion  of  a  three-aided   apical  cell 
(Figs.  162,  163,  pp.  149,  150). 

The  ont«r  epidermttl  walla  of  tIjBflt«m  ara  more  i 

or  lesa  strongly  inijircguated  with  silica.  In 
Egaiaeium  kiemalt,  and  to  a  less  degree  in  Equi- 
xtum  amense,  the  eilicificatioo  of  the  external 
walls  ia  carried  to  such  an  extent  that  tliej  are 
used  for  scooriDg  metal  utensils  aod  for  polishing 

£qiii»Uui)i  giyantcam,,  groiring  ia  South  America, 
is  the  tallest  apeciea  of  the  genua  ;  ita  branched 
haulms,  half  supported  bj  neighbouring  plants, 
ituin  a  height  of  over  ten  metres. 

The  extinct  Calamarieac,  which  form  ■  special 
class  of  Pteridophyla,  and  resemble  most  nearly  the 
Sfuiaeliiiae,  attained  their  highest  development  in 
the   Carboniferous   period.      Their  jointed  atcms, 

rimilar  to  those  of  the  Horse-tails,  the  so-called  Fia.  tus.—F.qul'elumarmiFi.  Half 
Calamites,  attainod  tlie  dimeusions  of  a  tree  and  pioth.lliuip  »il1.  llirt*  suthcr- 
borB  at  the  nodes  vcrticillately- leaved    branches.  ^I^i*     '*         Hofmeibteb, 

These  branchea,  which  have  also  been  described  as 

special  genera,  AimiUaria  and  Aiterophyllitet,  may  in  part  have  belonged  to  smnllei' 
herbaceons  forms.  It  has  been  determined  with  certainty  that  the  sjiorophylls  of 
the  cones  of  some  species  bor«  both  macro-  and  microsporaugia  ;  while  otiier  species 
were  homosporous.  In  the  primary  structure  of  the  stems  the  Calamites  corre- 
spond essentially  with  the  £?uisc<iniic,  but  differ  from  them  in  possessing  secondary 
growth  in  thickness,  similar  to  that  of  Gymnosperms. 


Lycopodlnae  (Club  Mosses) 

To  the  Lycopodinae  belong,  aa  their  most  important  and  widely 
distributed  genera,  Lycopodvim,  Selaginella,  and  Iiw-tes.  They  are  dis- 
tinguished from  the  other  Pteridophyla,  of  which  they  resemble  most 
nearly  the  euaporangiat*  Filkes,  by  their  general  habit  and  the  mode 
of  their  aporangial  development. 

Unlike  the  fertile  leaves  of  the  Filicinae  and  Kqaiaetinae,  which 
always  bear  numerous  sporangia,  the  aporophylls  of  the  LycojMUnae 
produce  the  sporangia  singly,  at  the  base  of  the  leaves  or  in  their 
axils.  Although  in  many  eases  scarcely  distinguishable  from  the  aterile 
leaves,  the  sporophylls  are  frequently  distinctively  shaped,  and,  like 
those  of  Eqviuhm,  a^regated  at  the  ends  of  the  fertile  shoots  into 
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terminal  cone-like  flowers.  Compared  with  the  leaves,  the  sponQgia 
are  relatively  large.  They  are  developed  in  the  eatne  way  as  those  of 
the  eiisporangiate  Filices  and  Equmlituie,  from  a  projecting  group  oi 
cells  derived  from  the  epidermis  and  the  underlying  tissue  ;  while  in 
all  other  Pkridophyta  the  sporangia  are  developed  from  a  smgle 
epidermal  cell.  The  innermost  layer  of  the  sporangial  wall,  the 
tapetal  layer,  is  absorbed.  The  sporangia  have  no  annulus.  Except 
in  the  case  of  Isodes,  whose  spores  become  free  by  the  decay  of  the 
sporangial  wall,  they  dehisce  by  longitudinal  slits,  which  divide  the 
sporangia  into  two  or  more  valves  ;  the  slita  occitr  where  the  walls  of 
rows  of  cells  have  remained  thin.  The  sporangia  of  Lt/a^cdium  tie 
homosporous ;  those  of  other  Lycopodinae  heterosjxirous.  1'he  hetero- 
sporoua  forms  produce  only  greatly  modified  and  reduced  prothsllia; 
in  the  genus  Lycopodium,  on  the  other  hand,  the  prothatlia  are  essen- 
tially the  same  as  tliose  of  the  Filices  and  Equiselaceae.  In  the  develop- 
ment of  their  asexual  generation  the  het«rosporous  Lyaypodinae  resemble 
in  many  respects  the  heterosporous  Hydropterideae. 

The  dichotomous  branching  of  the  stems  and  roots  is  characteristic 
of  this  class  (Figs.  18,  19,  p.  19);  in  the  genus  Isoeles,  however,  the 
stem  is  not  only  unhranched  but  also  tuberous. 

Order  1.  Lyeopodlaceae 

The  numerous,  widely  distributed  species  of  the  genus  Lycopodium 
(Club  Moss)  are  for  the  most  part  terrestrial  plants;  in  the  tropics 
epiphytic  forms  also  occur.  In  Lycopodium  davaluta,  one  of  tin 
commonest  species,  the  stem,  which  is  thickly  covered  with  small,  awl- 
shaped  leaves,  creeps  along  the  ground  ;  it  branches  dicliotomouslf, 
and  gives  rise  to  ascending  lateral  branches,  while  from  the  under 
side  spring  the  dichotomously  brandied  roots  (Fig.  349).  The  flower- 
cones,  consisting  of  the  closely  a^regated  sporopbylls,  are  situated  in 
groups  of  two  or  more  at  the  ends  of  the  forked,  erect  shoots.  The 
sporophylls  are  not  like  the  sterile  leaves  in  shape ;  they  are  broader 
and  more  prolonged  at  the  tip  ;  each  bears  a  large  reniform  Bporangium 
on  the  upper  side  at  the  base.  The  sporangium  opens  into  two  valves 
by  a  transvei-se  slit,  and  lets  free  numerous  minute  spores  (Fig. 
349,  2). 

LycojMdium  Selago  differs  in  habit  from  the  other  species;  its 
bifurcately-branchcd  stems  are  all  erect,  and  the  flower-cones  are  not 
distinct  from  the  vegetative  region  of  the  fertile  shoots. 

The  spores  of  the  Lycopodiums  are  all  of  one  kind,  and  in  conse- 
quence of  their  formation  in  tetrads  are  of  a  tetrahedral  though  some- 
what rounded  shape.    The  exine  is  covered  with  a  reticulate  thickeDing. 

The  mode  of  germination  and  development  of  the  sexual  generation 
have  as  yet  been  determined  only  for  a  few  species.  The  prothallia  of 
Lycopodium  annotimiin,  a  species  nearly  I'elated  to  L.  davaiuvt,  vert 
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the  first  to  be  discovered.  They  live  aa  saprophytes  and  have  the  form 
of  whitish,  subterranean  tubers  which  bear  the  sexual  organs  on  their 
upper  surface.  In  the  case  of  L.  inundatwm  they  are  found  on  damp  peaty 
soil,  and  in  the  tropical  L.  cemvum,  with  erect  profusely -branched  shoots, 
the  prothallia  are  almost  devoid  of  chlorophyll  and  are  attached  to  the 
soil  by  rhizoids ;  they  have  the  form  of  small,  half-buried,  cuBhion-like 


sponDgimn ;  8,  Bporea,  highly  magnillnd,    (Afttr  Wobhiduj.    Offic!Xal.) 

masses  of  tissue  which  give  rise  to  green  aerial  thalloid  lobes  The 
archegonia  occur  at  the  base  of  these  lobes,  the  antheridia  on 
their  surface.  The  antheridia  are  somewhat  sunk  in  the  tissue  (Fig 
350,  C),  and  enclose  numerous  sperniatozoid  mother  cells,  m  which 
small  biciliate  sperm atozoids  are  formed.  The  archegonia  (Fig 
350,  D)  are  constructed  like  those  of  the  Feme,  but  have  a  shorter 
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neck,  whose  upper  cells  become  disorganised  on  opening.  The  pro- 
thallium  of  L  I'hUffVuiria,  found  on  trees  in  the  tropics,  is  also  sapro- 
phytic. It  consists  of  branching  strands  growing  under  the  bark  of 
trees,  and  is  characteriBed  by  the  possession  of  a  vegetative  mode 
of  propagation  by  means  of   brood-tubers.      The  prothallia  of  the 


[o.  XO.  ^  LscopodiHn  cernuiim.  A,  Prothnllium  nlCfa  tv 
an  (X  JO);  B,  older  protballlom,  p,  with  embryonic 
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canil-cel].    (Alter  Trkub,  x  aso.) 


ircbegonin  or,  and  lun  ■ntheridima 
aU  (X  IS);  C,  sectlDn  tbrouKb  Ko 
■I  canal-celt ;  Ik.  dlB<irg>.iil9e<l  neck. 


Lycopodiums  are  montecious.  The  embryonic  development,  which  is 
effected  differently  from  that  in  the  Ferns,  agrees  closely  with  that  of 
Selagiudla  (Fig.  355).  A  suspensor  or  kmbryo-bkarer  i«  developed ; 
it  is  not,  however,  laterally  ingerted,  but  occurs  on  the  contrary  at 
the  foot  end  of  the  embryo. 

Officinal. — (Lycopodium),  the  spores  of  Lycopodium  davatum  and 
other  species. 

Order  2.  Selagrlnellaceae 

To  this  order  belongs  the  genus  Selagindla,  represented  by  numerous 
and  for  the  most  part  tropical  species.  They  have,  as  a  rule,  profusely 
forked,  creeping,  and  sympodially  branched  stems,  hut  occasionally 
erect,  branched  stems  j  some  form  moss-like  beds  of  vegetation  ;  others, 
climbing  on  adjacent  plants,  possess  stems  several  metres  long.  In 
general  the  Sclaginellas  are  similar  in  habit  to  the  Lycopodiums. 
They  have  small,  scale-like  leaves  which  usually  exhibit  a  dorsi- 
ventral  arrangement,  such  as  is  shown,  for  example,  in  the  Alpine 
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Sdaginella  helvetica  (Fig.  351),  whose  stem  ie  covered  witU  two  rows  of 

small  dorsal  or  upper  leave6,  and  opposite  to  them  two  rows  of  larger, 

ventral  or  under  leaves.    The  development 

of    a    amall,    membranous    ligule   at    the 

base  of  the  leaves,  on  their  dorsal  side,  is 

characteristic  of  the  Selaginellas. 

As  in  Lyr^odium,  the  cones  or  flower- 
spikes    are    terminal.     Each    sporophyll 

subtends    only    one    sporangium,    wiiich 

springs    from    the  stem   above  the  leaf- 
axil.     The  same  spike  bears  b*th  kinds  of 

sporangia ;   the  macrosporangia  Bccur  in 

smaller  numbers  in  the  axils  of  the  lower 

aporophylls.     The  two  kinds  of  sporangia 

do  not  differ  so  much  in  size  as  in  fornL 

Each  microsporangium  {Fig.  352,  h)  has 

the  form  of  a  flattened  capsule,  and  open- 
ing in   two  valves  discharges  numerous 

microspores.     The    macros pwangia   (Fig. 

362,  a),  on   the  contrary,  are   spherical, 

and  each  contains  onJ.y  four  macrospores, 

which  are  produced  by  the  growth  and 

division  of  a  single  spore-ra other-cell ;  all 

the  other  mother-cells  originally  developed    i 

ultimately  disappear.     On  account  of  the 

increasing  size  of  the  spores  the  macro- 
sporangia  become  inflated  and  nodular.    At 

maturity  they  split  into  several  valves. 

The  microspores  begin  their  development  while  still  enclosed 
within  the  sporangium.  The  spore 
first  divides  into  a  small  lenticular 
vegetative  cell  representing  the  pro- 
thallium,  and  into  a  large  cell  which 
represents  the  rudiment  of  an  antlier- 
idium ;  the  latter  divides  successively 
into  eight  sterile  peripheral  cells  and 
two  or  four  central  spermatogenous 
cells  (Fig.  353,  A).  By  the  further 
division  of  the  central  cells  numerous 
spermatOBoid  mother-cells  are  formed 
(li-D).      The    peripheral    cells    then 

I'm.  ass.  —  5((aff(rHiiu  j,fi«(i™.    n.  Open  break  down  and  give  rise  to  a  rauci- 

iincrrnqmrsneium  showing  three  nmcro    ,       .  ,    ^       "       .  ,  .  .      . 

spofSBOhc  tourtJi  hidden  from  viow);i,.   laginous  Bubstancc,  in  which  is  em- 

niicroipomntriniu  wiih  cscnping  micro,   bedded  the  central  mass  of  sperma- 

,por«.   (xeircaio.)  ^^^^.^jj  mother-celis  (£).     The  small 

protballium-cell,  however,  persists.     Eventually  the  wall  ruptures,  and 
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the  mother-cells,  thus  liberated,  set  free  the  ciub-shaped  biciliate  sper 
matozoids  (f).  The  reduction  here  exhibited  in  the  formation  of  tte 
male  prothallium  resembles  that  shown  by  the  Hydropterideae  (p.  410). 
The  macrospores  similarly  begin  their  development  within  tk 
sporangia.  Internally,  the  spore  is  filled  with  numerous  prot«ii1 
grains,  while  the  nucleus  lies  in  the  peripheral  cytoplasm  at  the  spei. 
After  the  division  of  tlie  nucleus  into  daughter- nuclei  and  their 
distribution  in  the  apical  cytoplasm,  the  formation  of  cell  walls  b^ns. 
In  this  way,  progressing  from  apex  to  base,  the  spore  becomes  filled 
by  a  process  of  multicellular  formation,  with  large  protballium-celiB. 
At  the  same  time,  and  proceeding  in  the  same  direction,  there  Itegins 
a  further  division  of  these  cells  into  smaller  cells.     In  the  tissue  at  the 


ntherjiliuni  \  i,  iiiemiatoRciioiia  ci'lln  ;  A.  fi.  D,  laimll ' 
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apex,  consisting  of  small  cells,  the  rudiments  of  a  few  archegoni* 
appear,  often  even  before  the  formation  of  the  prothallium  has  been 
completed.  The  arcliegoiiia  are  usually  not  formed  until  the  spores 
have  been  discharged  from  the  sjK>rangium. 

The  formation  of  jjrothalHa,  in  the  case  of  SeloffimlUi,  as  also  in  the 
related  genus  Isoeteg,  is  thus  effected  in  a  different  manner  from  '"*' 
in  the  other  Pteridophyia,  and  it  approaches  more  nearly  the  corre- 
sponding process  in  tlie  Conifers. 

The  wall  of  the  spore  eventually  bursts  at  the  apex,  and  fi^ 
prothallium  becomes  partially  protruded.  The  fertilisation  of  one  of 
two  arcbcgonia,  which  then  takes  place,  is  followed  directly  by  ^"^ 
segmentation  of  the  fertilised  egg -cells  in  the  formation  of  the 
embryos  (Fig.  354). 

The  erabryogeny  of  Selagindia  is  very  similar  to  that  of  Lfd^'""'' 
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The  egg-cell  is  divided  by  the  formation  of  a  transverse  wall  into  two 
cells  ;  the  upper  and  larger  cell 
increases  considerably  in   size, 
and  gives  rise,  by  the  division  of 

its  lower  portion,  to  a  suapensor  ,, 

(Fig.  355,  ei),  while  the  lower 

epibasal  cell,  by  repeated  divi-  m> 

sion,  develops  into  an  embryo, 
provided  with  two  primary 
leaves  and  further  segmented 
into  stem,  root,  and  foot  {hi,  si, 
w,  /}.  The  foot,  in  this  in- 
stance, has  another  position  and 
origin  than  in  Lyarpodium.  Each 
primary  leaf  has,  even  at  this 

stage,  a  ligule  (lig)  formed  by  1M 

the  outgrowth  of  the  leaf-base. 

The    suspensor   is    perpen-  fn-ss^-— f''''^«"°W'"<""''-   k^mio  iirdihniimm 
dicular    to    the    axis   of    the      H!i^^''™''™ii''o('5Mcro-[-'ire™at'''»d"ni^ 

embryo  ;  its  function  is  to  push        xCIWbA  ucbegonlum ;  mi,,  ••nh-i.  two  clubryo>. 
the    embryo   into   the    tissue    of        witl.  m«pani«inu(,  eunk  tn  the  Hwub  ot  the  pro- 

the    prothallium,    with    which        "  '"'"'        "  '^^^k  » 

the  foot,  the  organ  of  absorption,  is  thus  kept  in  close  contact.     The 
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Stem  apex,  with  the  first  pair  of  leaves,  eventually  grows  upwards,  and 
the  root   also   extends   beyotid   the   macrospore.     As  the   foot  still 
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remaiita  in  the  protbalHum  the  young  plant  continues  united  to  the 
Bpofe,  and  presenta  the  appearance  of  a  pbanerc^amic  seedling  with 
the  seed  stiU  attached  (Fig.  351,  B). 

The  second  genaa  of  tliisprder,  Itoelit,  the  Qaillwort,  compriseB  pereanisil  pIsDts, 
growing  either  on  damp  soil  or  submerged  in  n-atsr.  The  stem  is  abort  and 
tuberous,  terminating  below  in  a  tuft  of  diuhotomoualy  branching  roots,  and  abore 
in  a  thick  rosette  of  locg,  stiff  awl-shaiied 
leaves  (Fig.  356).  The  leaTea  are  [lenetrated 
longitudinally  by  four  air-jiaasages,  and  ex- 
l^and  at  the  base  into  a  broad  sheath.  On  the 
inner  side  of  the  leaves,  above  their  point 
of  insertion,  is  an  elongated  pit,  the  fovea, 
containing  a  large  sessile  siKtrangium.  A 
ligule,  in  the  form  of  a  triangular  membrane, 
is  inserted  above  tlie  fovea.  laoetci  thus  differs 
greatly  in  liabit  from  the  other  genera,  but 
resembles  Stlaginella  in  the  development  of  a 
ligule. 

The  macros  porangia  are  situated  on  the 
outer  leaves  of  the  rosette  ;  tlie  micros  porangia 
on  the  inner.  Both  are  traversed  by  trans- 
verse plates  of  tissue  or  trabecule,  and  are  in 
this  way  imperfectly  divided  into  a  series  of 
chambers.  The  spores  are  set  free  by  the 
decay  of  the  sporangial  walls. 

Tlie  development  of  the  sexual  generation 

is  accomplished  iu  the  same  way  as  in  Sflagi- 

nella.     The  reduced  male  protlialllDm  arises 

similarly  within  the  spore,  by  the  formation 

of  a  small,  lenticular,  vegetative  cell,  and  a 

Fro.  S50.  — /MKataBuIri*    (J  mt  siH.)    larger  Cell,  the  rudiment  of  a  single  anther- 

idium.     The  larger  cell  divides  further  into 

f  1    peripheral  cells,  which  completely  enclose  two  central  spennatogenous 

11       F    m  each  of  the  latter  arise,  in  turn,  two  spermatozoid  mother-cells,  four  in 

II        h    f  which,  when  liberated  by  the  rupture  of  the  spore  wall,  gives  rise  to  a 

ngl      pir  lly  coiled,  multiciliate  spennatiizoid.     The  female  prothallium,  just  as 

a  h  I  ji    tit,  also   remains  enclosed   within   the   macrospore,  and  is  incapable 

f     d  pend  ut  growth.     It  shows  similarly  an  approach  to  the  Conifers,  iu  that 

th  1       first  divides  into  numerous  parietal  daughter- nuclei  before  the  gradual 

f  rm  t    n    f  the  eel!  walls,  which  takes  place  from  the  apex  of  the  spore  to  the 

has       A         salt  of  this  process  the  whole  spore  becomes  tilled  with  an  eQdosi)erm- 

1  k     p    th  11mm,   at   the  apex   of  which    the   archegonia  are  developed.      Tlie 

mbry    1  as    o  suspensor,  and  is  similar  in  many  res[)ects  to  the  embryo  of  the 

M     oc  t^led  na,  to  which  the  mature  plant  also  bears  a  strong  resemblance. 

Th    L  p  dodendreae,  an  extinct  family  of  arborescent  Fteridophytes  occurring 

h    fly        the  Carboniferous  period,  belong  also  to  the  Lya^odinM.     They  were 

lly    ]«   ngly  branched,  either  dichotomously  or  sympodially,  and  provided 

h  hn         r  lanceolate  leaves,  thus  resemblingi  to  a  certain  extent,  gigantically 

d      1  ped  Club  ^losses.     Their  stems  increased  iu  thickness  by  secondary  growth, 

d  ered  with  cushion-like  areas,  showing  tlie  scars  of  the  fallen  leaves. 
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Their  flowers  (Lepidoslrobui)  had  the  form  of  scaly-leaved  cones  ;  each  sporophyll 
bore  B  large  Bponrngium.     Many  forma  were  heterosporoua. 

To  the  Lycopodinae  niay  probably  bs  aagigned  also  the  Siffitlarieae,  arborescent 
plants  resembling  the  Lepidodendrtae.  Their  sterna  were  either  very  Bpariagly 
dicliotomoualy  branched  or  entirely  nobranched,  and  were  characterised  alao  by 
secondary  growth.  The  Sigillarieae  were  probably  also  heteroaporons.  They 
differed  from  the  Lepidodtndreae  in  the  form  and  arrangement  of  the  leaf-scars, 
and  in  their  loQg-stalked,  cone-like  flowers  with  basally  expanded  sporophylU. 

The  fossil  remains  of  the  Carboniferous  plants  known  under  the  name  of 
Slifftnaria  correspond  to  the  roots  of  Sigillaritae  and  Lepidodendrcae. 
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PHANEROGAMIA 

General  Character. — The  Phanerogams  follow  the  Pteridophytes 
without  any  gtiarply -defined  barrier,  representing  phylogenetically 
more  highly-developed  plant  forms.  Their  more  advanced  develop- 
ment is  limited  to  the  sporophyte,  or  asexual  generation,  which,  while 
still  retaining  a  distinct  segmentation  into  root  and  shoot,  exhibits 
more  extensive  differentiation  and  a  greater  variety  of  form,  especially 
in  the  formation  and  disposition  of  the  sporophylls,  than  in  the 
Pteridophytes.  On  the  other  hand,  this  has  been  accompanied  by  a 
reduction  of  the  sexual  generation,  resulting  in  the  complete  toss  of  its 
separate  individuality.  The  sexual  plant  has  been  reduced  to  a  few 
cells,  which  are  dependent  upon  the  sporophyte  for  their  existence. 
Their  recognition  as  the  degenerate  remnant  of  a  once  independent 
generation  was  the  result  of  a  comparative  investigation  of  their  mode 
of  development. 

The  SpoFe-formlnEr  Generation. — The  vegetative  segmentation  of 
the  Phanerogams  has  been  already  sufficiently  described  in  the  section 
on  General  Morphology.  Attention  will  only  be  given  here  to  the 
organs  functioning  in  the  service  of  reproduction  and  dissemination  of 
the  spores,  as  they  alone  are  specially  characteristic  of  the  Phanerogams 
as  a  distinct  class. 

The  Phanerogams  are  all,  without  exception,  heterosporous.  As 
in  the  Selagijtellaceae,  macrosporos  and  microspores  are  always  pro- 
duced hy  different  sporophylls,  which,  for  the  most  part,  are  borne 
on  the  same  shoot,  although  sometimes  they  arise  on  separate  axes  or 
even  on  distinct  male  or  female  plants.  The  spores  are  also  formed  in 
sporangia,  which,  just  as  in  the  Pteridophytes,  represent  organs  mi 
generis. 

The  male  sporophylls  of  the  Phanerogams  are  known  as  stauens  ; 
the  female  sporophylls  aa  CARPELS.  Notwithstanding  their  different 
designation,  the  staminal  and  carpellary  leaves  are  in  every  respect 
homoli^oiis  with  the  sporophylls  of  the  Pteridophytes,  and  are  to  be 


.,  Coogic 


regarded  pliylogenetically  as  metamorphosed  foliage -leaves,  although 
io  most  cases  they  in  no  n'ise  resemble  them,  and,  like  the  sporophylls 
of  the  Equisetficeae  and  most  of  the  Lt/ccpodiaceae,  they  serve  merely  to 
produce  apd  bear  the  sporea.     Staminal  and  carpkllary  leaves 

SPKINO  FROM  THB  SUMMIT  OF  AN  AXIS,  THE  FURTHER  GROWTH  OF 
WHICH,  EXCEPT  I\  THE   FEMALE   FLOWERS    OF   CyCAS,  IS    TERMINATED 

BY  THEIR  PRODUCTION ;  they  are  closely  aggregated,  usually  in  whorls, 
but  less  frequently  they  assume  a  spiral  armngement 

In  the  majority  of  cases  the  reproductive  axis  gives  rise  im- 
mediately below  the  Btamens  and  carpels  to  other  special  leaves,  which, 
although  themselves  sterile, 
are  functionally  connected 
with  the  sporophylls,  and 
similarly  exhibit  an  essential 
dissimilarity  to  foliage-leaves. 
Like  the  sporophylia,  which 
at  times  become  modified  into 
similar  sterile  leaves,  these 
leaves  almost  always  spring 
from  the  axis  in  whorls,  and  in 
other  respects  they  show  a 
closer  relation  to  the  sporo- 
phylls than  to  the  foliage- 
leaves.  Collectively  they  form 

^"Je^tto  "Hndt  ^J^,^Mi/'7»^d™dim^^'""''n'    ^^^  PERIANTH  (Fig.  357,  k,  c). 
™ium."   (x't.  8lM.)       "        "'  '"  ""^  "'"    "'  '^"  The  SHOOT  OR  PART  OF  A 

SHOOT  COMPRISING  THE  PERI- 
ANTH, THE  SPOROPHYLLS,  AND  THE  PORTION  OF  THB  AXIS  FROM  WHICH 

THEY  SPRING,  IS  TEKMED  A  FLOWER.  If  the  perianth  is  lacking,  the 
flower  is  naked.  The  stamens  of  a  flower  are  designated  collectively  the 
ANDR<ECIUM,  the  carpels  constitute  the  GYN(EC1UM.  When  both  andrce- 
cium  and  gyncecium  are  represented  in  the  same  flower,  the  flower  is 
HGRMAPHRODiTE;  in  that  case  the  gyncecium  occupies  the  centre 
of  the  flower.  When  either  the  androecium  alone  or  the  gyncecium 
alone  is  present,  the  flower  is  UNISEXUAL  or  DICLINOUS.  If  diclinous 
flowers  of  both  sexes  occur  on  the  same  plant,  it  is  said  to  be 
MONiEClous.  If,  however,  a  plant  produces  flowers  of  one  sex  only  it 
is  termed  Dioicious ;  on  the  other  hand,  if  it  develops  at  the  same 
time  both  unisexual  and  hermaphrodite  flowers,  it  is  termed  poly- 
gamous. 

From  the  constant  occurrence  of  flowers,  it  is  often  customary  to 
refer  to  the  Phanerogams  as  the  Flowering  Plants.  It  must  not, 
however,  be  concluded  that  this  is  characteristic  of  the  Phanerogams 
alone,  for  the  aggregated  sporophylls  of  the  cones  of  the  Eqviseiaceae  or 
of  the  spikes  of  the  Lycopodiareae  also  exhibit  all  the  essential  charac- 
teristics of  flowers,  although  in  a  less  advanced  degree  of  development 
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(f/.  pp.  412,  416).  The  flowers  of  the  Gymnoaperms  in  fact  show  but  a 
ani&ll  advance  from  the  flower-cones  of  the  Pteridophytes,  while  those  of 
the  Angiosperms  differ  from  them  only  in  the  more  pronounced  metaraor- 
phoaia  of  their  varioua  parts.  A  rose,  or  the  complicated  flower  of  an 
Orchid,  represents  the  more  highly  developed  forms  of  an  ascending 
but  continually  diverging  series,  which  originated  in  the  Pteridophytes. 
The  tirst  indication  of  a  tendency  to  form  a  flower  is  manifested  by 
some  of  the  Ferns,  e.g.  Blecknum,  in  which  the  fertile  leaves,  separated 
from  the  sterile,  are  united  in  a  rosqtte  crowning  the  apex  of  the  axis. 
The  microBporangia  of  Phanerogams  are  termed  POLLEN-SACS  ;  the 
microspores,  POLLEN-GRain's,  or  collectively  POLLEN.  The  development 
of  the  pollen-sacs  and  pollen-grains  (Fig.  358)  is  efl'ected  in  the  same 
way  as  the  homologous  reproductive  organs  of  the  Pteridophytes.     A 
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cell  layer,  directly  under  the  epidermia 
divided  by  tangential  walls  into  two 
constitutes  the  wall  of  the  sporangium, 
cells.  The  latter,  by  repeated  divisi< 
mother- cells,  which  further  divide  ea 
Although  the  pollen-grains  sometimes 
(Fig.  369,  J),  they  are  generally  isolated, 
round  or  elongated  bodies,  which 
360),  but  eventually,  in  consequence  of 
male  prothallium,  become  multicellular. 


of  the  s|>oropliy]ls,  becomes 
layers,  the  outer  of  which 
the  inner  the  spore  mother- 
in,  give  rise  to  the  pollen 
ich  into  four  pollen -grains, 
remain  unit«d  in  tetrads 
,  and  have  the  appearance  of 
first  unicellular  (Fig.  359,  Ji, 
formation  of  a  reduced 
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Each  pollen -grain  is  provided  with  a  delicate  wall,  which  ii 
differentiated  into  a  cuticukrised  RXIN'E,  and  an  INTINB  conugtiDg 
cbiefly  of  pectose.  The  surface  of  the  pollen-grain  is  frequently 
studded  with  projecting  points  or  wart«,  or  beset  with  delicate  and 
regularly  disposed  outgrowths  (Pig.  350,  B).  In  addition,  thinner 
spots  (Fig.  359,  B)  or  areas  defined  by  a  lid-like  covering  (Fig.  360,  £) 
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often  occur  in  the  walls  of  the  pollen-grains,  they  fulfil  an  important 
office  as  GEEtM-PORES  in  facilitating  the  processes  of  fertilisation. 

The  macrosporangia  of  Phanerogams  constitute  the  seed-rudiment«, 
and  are  called  OVULSS.  They  usually  arise  on  the  margins  of  the 
carpels,  and  are  either  free  or  entirely  enclosed  by  them.  The  first 
case  is  characteristic  of  the  cIa£B  of  the  Gymnosperms ;  the  seconil  of 
the  Angiosperms. 

An  ovule  (Fig.  361),  when  ready  for  fertilisation,  is  represenled 


by  an  ellipsoidal  body  attached  to  the  carpel,  usually  by  a  stalk,  tiie 
FUNICULUS  (/).     The  central  portion  of  tlie  ovule  is  occupied  by  s 


...  C(.K>t^lc 


Eser.  II  PHANEEOGAMIA  iSJ 

club-shaped  mass  of  tissue  termed  the  NUCELi,us  (n).  Enveloping  the 
DQcelluB  are  one  or  two  sheathing  costs,  the  integuments  (t),  which 
spring  from  its  basal  portion,  the  so-called  chalaza  (ck).  The  integu- 
ments are  prolonged  beyond  the  nucellus  as  a  short  neck  traversed  by 
a  canal  known  as  the  MICROPYLE  (m). 

Sometimes  the  axis  of  the  ovules  forms  a  continuous  line  with  the 
funiculus,  the  nucellus  is  then  straight  (Fig.  361,  ^),  and  is  said  to  be 
ATR0POU3  (orthotropous).  If  the  funiculus  curves  sharply,  immediately 
below  the  ovule,  so  that  both  lie  side  by  side,  the  ovule  is  inverted  or 
ANATROPOUS  (B).  In  this,  the  most  frequent  case,  the  funiculus  is  in 
part  adherent  to  the  outer  integument,  and  forms  a  suture  or  raphe 
on  the  seed  along  the  line  of  contact  (r).  Less  frequently  the  ovule 
is  CAMPYLOTROPOud  (C),  aud  is  itself  so  curved  that  the  chalaza  and 
micropjfyle  do  not  lie  in  the  same  straight  line. 

As  a  rule,  only  one  macrospore,  the  so-called  embryo-RAC,  is 
formed  in  each  nucellus.     Uklikb  the  macrospore  of  the  Pterido- 

PHYTES,  THE  EMBRYO-SAC  ALWAYS  REMAINS  KNCI/JSED  IN  THE  MACRO- 
SPORANGIUM,  AND  IS   ORGANICALLY    UNITED  WITH    IT.       In  a  few  caseS 

several  embryo-sacs  are  produced  in  the  same  nucellus. 

The  Sexual  Qeneration — Fertilisation  and  its  Results. — The 
germinating  pollen-grain  usually  undergoes  but  one  division,  from  which 
results  the  formation  of  two  cells  of  unequal  size.  The  small  cell  cor- 
responds to  the  antheridium  of  the  Pteridophytes,  and  eventually  gives 
rise  to  two  generative  cells  homologous  to  the  spermatozoa,  and  serving 

the   same    purpose.        TBEY    ARE    DEVOID    of    CILIA    AND    NON-MOTILK. 

The  larger  cell  represents  the  whole  vegetative  portion  pf  the  pro- 
thallium  and  undergoes  no  further  division. 

The  pollen-sacs  by  this  time  have  attained  maturity,  and  dehiscing 
by  fissures,  less  frequently  by  pores,  liberate  the  pollen,  which  are  then 
dispersed  by  wind,  or  carried  away  by  water,  or  distributed  by  means 
of  insects.  Although  a  greater  part  of  the  pollen  is  lost,  some  of  the 
grains  are  in  this  way  carried  to  the  special  portion  of  the  gyncecium 
adapted  for  their  reception  (p.  281).  In  the  Gymnosperms  the  micro- 
pyle  is  the  receptive  portion  ;  in  the  Angiosperms  it  is  the  stigma  or 
certain  areas  of  the  carpels  which  are  specially  adapted,  by  the  excre- 
tion of  a  viscid  fluid,  for  the  reception  of  the  pollen.  In  either  case,  by 
the  protrusion  of  the  intine  of  the  vegetative  cell  through  the  germ- 
pores,  tubular  outgrowths,  the  pollen -tubes,  are  formed  which,  often 
aft«r  traversing  a  considerable  distance,  conduct  the  two  generative  cells 
to  the  e^-cell.  The  Phanerogams  have  accordingly  been  termed  by 
Engler,  SipHONOGAUS  {Emhryophyta  siphotwganm).  Pollen-grains  will 
also  develop  pollen-tubes  in  a  sugary  solution  or  fruit  juice.  The 
direction  taken  by  the  growing  tubes  is  probably  determined,  like 
the  movement  of  the  spermatozoa,  by  chemotactic  stimuli. 

A  FKMALB  prothallium  with  one  or  more  egg-cells  is  produced 
in  the  embryo-sac.      The  process  is  not  the  same  in  Augiosperms 
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as  in  Gymnosperms.  Fertilisation  is  effected,  as  througliout  the 
whole  vegetable  kingdom,  by  the  fusion  of  the  pi-otoplast  of  a.  male 
generative  cell  with  an  egg-cell  (cf.  p.  67). 

The  fertilised  egg-cell  gives  rise  to  the  embryo,  wliich,  while  still 
enclosed  within  the  embryo-sac,  acquires  a  considerable  size  and 
differentiation.  After  the  embryo  has  attained  a  definite  stage  of 
development,  varying  in  different  species,  its  further  growth  ceases,  and 
parting  with  its  constituent  water,  it  passes  into  a  dormant  condition, 
from  which,  after  the  lapse  of  a  longer  or  shorter  period,  it  emerges 
only  when  abundantly  supplied  with  water.  The  other  parts  of  the 
ovule  also  increase  in  size,  after  fertilisation  has  been  effected,  and 
undergo  extensive  internal  modification.  As  a  result  of  the  changes 
incident  upon  fertilisation,  the  ovule  becomes  converted  into  a  S£KD. 

The  dkvf.i.opmknt  of  seeds,  or  enclosed  uacrosporangia 
containing  embryos,  is  a  distinctive  characteristic  of  the 
Phanerogams.  In  conformity  with  this  distinction,  they  are  also 
termed  Seed-plants  or  Spermaphytes. 

The  essential  parts  of  the  seed,  which  are  always  present,,  are  the 
seed  ■  coats  developed  from  the  integuments  of  the  ovule  and  the- 
embryo  (Fig.  363,  B).     In   many  cases  there  also  arises,  from  the 


Fi<>.  36!.— Cnjurliu  bursa  jnslorla.    A,  Loiiki-  fl".  3AS.—A,  Seed  of  Byoieyamiii  nigrr,  iliDwjiig 

tudIna]a«etloTiorBrlp«aeedi^,hypocotyl;  Uie  Dicotylnlunous  enibiyo  einb«ddFd  [d  the 

e.  cotylnloim :  i',  vascular  bniuile  of  the  eudoBpenu;  B,  aeed  ot  KlrBarla  CardumoavK, 

fuiilele  <x  26):  B,  lonjntiidinal  jwction  uf  enveloped  by  a  tldii  aril;  Uio  whit*,  ni™ly 

the  ncpd-eoat,  after  tiritnipnt  with  wat*r;  perispenn  neit  to  tbe  seBd-coet  enclotes  aii 

e,  chP  BWDllen  epidenuia ;  c,  bmwn,  strongly  olssgliious  cudospenu  (ataadcd),  in  wlilch  tbp 

thickened  layer;  ',  comi>rcH4ed  layer  uf  Uouoeotylfidunous    embryo    lies    embedded, 

cells  ^  a,  aleurune  (Trains  {x  240).  (After  Baiinsnd  Sthuidt,  mak-nined.) 

chalaza  of  tlie  fertilised  ovule,  a  fiesby  envelope,  the  seed-mantle  or 
ARILLUS.  Frequently  a  parenchyma  rich  in  nutritive  material  ie 
formed  between  the  embryo  and  the  seed-coats.  When  this  nutritire 
tissue,  or  so-called  album  l^N,  is  derived  from  the  nucellns,  it  is  termed 
the  PERISPERM  {Fig.  363,  if) ;  when  developed  within  the  cmbryo-ssc, 
the  EMDUSPERM  {A).  If  the  seed  is  provided  with  neither  endosperm 
nor  perisperm  (Fig.  362,  A),  the  cells  of  the  embryo  itself  are  filled 
with  accumulated  reserve  material. 
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The  influeuce  exerted  by  fertilisation  U  not  reslricted  solely  to  the 
formation  of  the  seed.  Other  parts  of  the  flower  also  undergo 
modification  and  are  adapted  to  new  functions,  such  as  the  protection 
and  dissemination  of  the  seeds ;  while  those  parts  which,  aiter  polli- 
nation, are  no  longer  of  service,  ultimately  wither. 

The  product  of  the  changes  induced  by  fertilisation  in 

THE    persistent   PARTS   OF   THE   FLOWER    IS   TERMED   A    FRUIT.       The 

formation  of  fruit,  as  well  as  the  development  of  seeds,  is  an  essential 
characteristic  of  phanerogamic  plants.  Like  the  flower  from  which  it 
is  produced,  the  fruit  may  also  have  a  more  or  less  complicated 
structure.  In  the  simplest  cases  it  consists  solely  of  the  carpels 
{e.g.  Cmciferae),  which,  with  the  seeds,  always  constitute  the  essential 
part  of  the  fniit  Sometimes  the  flower-axis  performs  an  important 
part  in  the  formation  of  the  flower,  particularly  in  perigynous  and 
epigynous  flowers  {^.g.  Kose,  Apple).  Less  frequently,  the  leaves  of 
the  perianth  are  transformed  into  part  of  the  fruit,  as  in  Spinach, 
when  they  form  a  hard,  spinous  envelope  about  the  gyncecium.  The 
aadroecium,  on  the  other  hand,  always  disappears  at^r  pollination 
has  been  accomplished. 

The  once  prevalent  custom  of  considering  the  fertilised  gyntecium  alone  as 
the  fhiit  is  productive  of  great  confusion.  According  to  this  view,  only  the 
central  portion  of  an  Apple,  for  example,  constitutes  the  fruit;  wliiie  the  larger, 
peripheral  portion,  derived  from  the  modified  axia,  would  not  be  regarded  aa 
belonging  to  it.   The  definition  of  a  Iruit  given  above  is  that  adopted  bj  Eichler, 

The  seed,  as  a  rule,  falls  to  the  ground,  where,  after  a  longer  or 
shorter  interval,  it  changes  from 
its  dormant  state  into  an  active 
condition  of  life.  This  process 
is  termed  germination.  The 
8eed-coat«  are  ruptured  and  the 
embryo  develops,  without  other 
interruption  than  that  occasioned 
by  climatic  changes,  into  the 
seed-producing  plant  (Fig.  ,364), 

General     Classlfleatlon,  — 
The   Phanerogams    are    divided 
into    the    two    unequally    large         ' 
classes,  (hfmnosperms  and  Angio- 
sperms.     The  Gymnosperms  are 
the  older  class  and  occupied  a  p^^   m_-r^^  „ 
more  important  position  inearlier       tudin^i  nation ; 
geological  ages  than  at  the  pre-       hypocotri ;  r,  n 
sent    time ;   they   now    include      *""" "' 

only  a  few  hundred  species.  In  accordance  with  their  greater  (^e,  they 
exhibit  a  closer  alliance  to  the  Pteridophytes  than  do  the  Angiosperms, 
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which  comprise  the  moat  highly  developed  of  all  plants  and,  pre- 
domioating  both  in  the  number  of  species  and  individuals,  have  pro- 
duced the  chief  part  of  all  the  vegetation  since  the  Tertiary  Period. 


Class  I 

GYHMOSPERMAE 

The  Hovera  of  the  GymnoEperms  are  always  unisexual  and  naked, 
or  in  rare  cases  {Onelactae)  provided  with  a  small,  insignificant 
perianth. 

The  male  flowers  consist  most  frequently  of  long  shoots  with  a 
lai^er  or  smaller  number  of  spiral  or  whorled  scale-like  staminal  leaves 
(Fig.  366,  A,  C),  bearing  on  the  under  side  two  or  more  pollen-sacs. 


The  pollen-grains  are  generally  spheiical,  and,  in  some  genera,  are  pro- 
vided with  two  bladder-like  protrusions  of  the  exine,  which  are  filled 
with  air  and  facilitate  their  dispersal  by  the  wind  {D). 

The  germinating  polten-grain  undergoes  division  and  forms  two  or 
more  prothallium-cells  invested  ,with  cellulose  walla.  One  of  these 
cells  assumes  an  antheridial  character  and  divides  into  two  generative 
cells,  corresponding  functionally  to  spermatozoa. 
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The  female  flowers  resemble  the  male  in  general  structure.     The 
cupels  are  generally  scale-like,  outspread, 
and  never  united ;  they  bear  a  varying 
number  of  ovules,  most  frequently  two 
(Fig.  366). 

TbB^  embryo -sac  enclosed  in  the 
basal  portion  of  the  nucellus  (Fig.  367, 
iw)  gives  rise  by  a  process  of  multicellular 
formation,  preceded  by  free  nuclear  divi- 
sion, to  a  parietal  cell-layer,  and  by  the 
increase  of  this  layer  to  a  FEMALE 
FROTHALLIUM,  which  completely  fills  the 
embryo-sac  (e).  ■  Special  celle  of  the 
prothalHum,  situated  at  the  apex  of  the 
embryo-sac,  then  become  converted  into 

Pio.  M6.—IHnia  illvalrit.  fr,  Fertjle 
9ia1«  with  two  ovules  (a);  vi,  pro. 
loDgitloni  of  the  lnt«piiuen(ortba 

'""'"""/"■  "T""' 

ARCHEGONIA.   '  Each  ARCHE- 

OON'IUM  consists,  as  in  the 
Pteridophytes,  of  a  ventral 
a  portion  containing  the  egg- 

cell,  of  a  neck,  in  this  case 
composed  of  fewer  cells,  and 
of  a  ventral  canal-cell  (Fig. 
'  367). 

Fertilisation  is  effected 
in  the  manner  common  to 
all  Phanerogams,  by  the 
entrance  into  the  arche- 
gonium  of  a  male  cell  from 
the  pollen-tube  and  its  imioti 
with  the  egg-cell  (Fig.  368, 
B,  C). 

The  nucleus  of  the  em- 
bryo, arising  from  the  fusion 
of  the  male  and  female 
nuclei,  twice  undergoes  bi- 
k,a  r.i,.ru.    ,,  Embryo-«o  iiiM  vith  endo-   partition,  Usually  m  the  end 

uptnii;  ^iin;hEgonimii.ihowiBe  veiitnU  (o)Knd  npck    of  the   egg-cell    Opposite    the 

portionW;  <i,ni«;i^ori«!-Mii;  M,  nuwUni;  j>,  ^^^   of   the   archegonium, 

|iollen.griin« :  (,  pdllBii-tnbe ;  *,  Intagnmont ;  I,  aged-  i    .i    '      i  n 

»i„g.  and  tbus  four  cells  are  pro- 

duced   lying    in    the    same 
plane ;  these  by  transverse  divisions  give  rise  to  several  tiers  of  cells. 
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im  (on)  and  reiitnl  ttiaUxU  (tf);  It.  <«£-«''  4. 
rn,  tli^  nials  iinclriu  trhijli  has  {iiiwd  rroin  ttrfy 
^,  showing  tli«  twiTnucIri  in  pnKssofniV' 
nuelfi ;  E,  F,  anccWBivB  sUgM.  muitlnp  io  "^ 
blp)  arranged  in  Ubtb  ;  fi,  iho  m11>  of  tlie  miWIe 
■nil  pushed  tin  lower  t[ei  of  cells,  vlilch  have  ijii(Iei|3M>jtiTl«i(in:  i°t° 

oiift^f  which,  howdver,  attains  its  full  develownent.  Even  when 
several  archegonia  areMertilised,  as  is  usually  the  <iase,  the  mature  seed 
contains  only  one  embrJtQ,  by  which,  in  the  coOrse  of  its  growth,  the 
rudiments  of  all  the  other  e~rahryos  have  beeX  supplanted. 

The  EMBRYO  of   the  ripe  seed  is"  provided  with  two  or  several 
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cotyledons.  The  prothallium,  sometimes  called  the  endosperm, 
envelops  the  embryo,  and  serving  during  germination  as  a  nutritive 
tissue,  contains  a  large  amount  of  reserve  material,  such  as  albuminous 
substances,  starch,  and  fat.  The  periphery  of  the  seed  is  occupied  by 
a  hard  or,  in  its  outer  portions,  succulent  sheath,  which  in  some  cases 
is  surrounded  by  a  cupular  fleshy  aril. 

The  FRUIT  resembles  the  female  flower,  but  it  is  much  larger.  The 
carpellary  scales  become  woody  after  fertilisation,  rarely  fleshy  and 
juicy. 

The  Gymnoaperms  are  all  woody  plants,  with  secondary  growth  in 
thickness.  Their  leaves  are  either  simple,  and  then  for  the  most  part 
needle  or  scale-like,  or  they  may  be  pinnate. 

Order  1.  Cyeadlnae 

This   order   includes    the    single   family   Cyeaxlacdae. — Flowers 
dicecious,  without  a  perianth,  consisting  of  many  spirally-arranged 
leaves ;  stamina)  leaves  with  many  pollen-saca ;  carpellary  leaves  usually 
with  two  ovules.     For  the 
most   part,  unbranched, 
evergreen   woody    plants, 
devoid  of  true  vessels  and 
having  mucilaoe  ducts  in 
all  ot^ns.     Leaves  large 
AND  pinnate  (Fig.  369). 

Many  Gycadaceae  re- 
semble the  Tree-Fams  not 
only  in  their  column-like, 
un  branched  stem  and  apical 
rosette  of  large,  pinnate 
leaves,  but  also  in  their 
dinieusions,  attaining  some- 
times a  height  of  12  ro. ; 
in  other  cases  the  stems 
are  shorter,  resembling 
the  Maratliaeeae  more  in 
habit;  they  are  tuberous 
and  partially  buried  in  the 

ground.  The  branching  ^;";hT>-i;iiT^,X»!l!r.nkf?r.'^i"VA^?3^'="i^L^"' 
is  limited  to  the  flowering 

region,  although  sometimes  adventitious  shoots  spring  from  the  stem. 
In  most  species  (e.tf.  Cycas)  the  stem  is  invested  with  a  thick  armour 
of  woody  scales,  which  are  in  part  the  basal  portions  of  dead  and 
fallen  foliage-leaTes,  and  in  part  scale-leaves  (cataphylls),  the  develop- 
ment of  which  alternates  periodically  with  that  of  the  foliage-leaves. 
The  flowers  of  the  Vyeadaceae  are   always  terminal ;    the  stem, 
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except  in  the  female  Cycas  plante,  is  prolonged  sympodially  by  a  lateral 
branch,  which  crowds  the  flower  to  one  eide.  The  male  Sowers  are 
cone-like,  with  numerous  scale-  or  shield-shaped  staminal  leaves  (F^ 
369,  3),  which  bear  an  indefinite  number  of  pollen-sacs  on  their  under 
side.  The  species  of  Ct/eas  produce  a  single,  apical,  female  flower,  of 
which  the  carpellary  leaves  are  similar  to  the  foliage-leaves,  but  on  a 
reduced  scale  (Fig.  369,  2).  In  other  members  of  this  family  the 
apex  of  the  stem  terminates  in  several  cone-like  female  flowers  with 
scale-like  leaves.  Two  or  more  ovules,  larger  than  a.  cherry,  are  borne 
on  each  carpel.  They  are  atropous,  and  provided  at  the  apex  of  the 
nucellus  wiUi  a  cavity,  thef  ollen-chahber,  in  which  the  pollen-graine, 
which  have  been  carried  tnther  by  the  wind,  accumulate  preparatory 
to  fertilisation.  The  seed  (Fig.  369,  4}  resembles  a  drupe  or  stone- 
fruit  in  that  the  seed-coats  are  difierentiated  as  an  outer  fleshy  layer 
and  a  hard  inner  coat.  .  The  mealy  endosperm  envelops  a  two-leaved 
embryo  attached  to  a  coiled  auspensor. 

The  Cycadactae  are  all  tropic&l  or  sub-tropical  plants,  and  ore  fonnd  in  both 
hemispberes,  but  \ritb  »  limited  ues  of  distribution  of  the  individual  species.  At 
the  present  time  the;  occur  onlj  in  small  numbers  ;  but  in  earlier  geaiogicd 
periods  up  to  tbe  Cretaceous,  as  is  proved  by  the  extensive  occutrenee  of  fotdl 
remains,  they  formed  a  considerable  proporttou  of  tbe  vegetation  of  all  xonea. 

Order  2.  Conlferae 

Flowers  MAEED ;  the  male  catkin-like  with  scale-like  staminal 
leaves,  bearing  the  pollen-sacs  on  the  under  side ;  the  female  flowers 
and  the  fruit  of  varying  and  sometimes  complicated  structure.  What 
is  here  designated,  for  the  sake  of  simplicity,  a  single  female  flower  is 
also  spoken  of  as  an  inflorescence.  Freely  buanchimg,  woody  plants 
DESTITUTE  OF  TRUE  VESSELS,  generally  traversed  in  all  parts  by  RBSiN  . 
CAKALS.     Leaves  simple,  usually  needle-  or  scale-ehaped. 

Many  Conifers  are  tall  forest  trees  of  a  pyramidal  shape,  with  mast- 
like, tapering  stems,  from  which  spring  apparent  whorls  of  horizontal 
and  much-branched  lateral  shoots.  Frequently,  when  growing  thicbl; 
crowded  together,  the  lower  branches  fall  off  after  a  time,  so  that  the 
stem  becomes  naked  for  the  greater  part  of  its  height,  and  bears  only  a 
pyramid-shaped  crown  of  upper  branches.  These  may  become  finally 
more  widely  outspread,  like  the  Mediterranean  Pines  (Finns  Piiua),  or 
spread  out  horizontally,  as  in  the  Brazilian  Araucarias  (Arawtaia 
brasiliensis).  Comparatively  few  of  tbe  arborescent  species  deviate  from 
the  pyramidal  form  ;  for  example,  tbe  Cypress  (Cupressits  sempervireiu), 
with  its  erect  branches.  The  shrub-like  species,  such  as  the  Junipers, 
on  the  contrary,  are  frequently  irregularly  branched  and  bushy. 

The  male  flowers  are  either  solitary  or  aggregated  in  clusters ;  they 
fall  after  attaining  maturity  like  the  catkins  of  the  Willow  and  other 
Amenlaceae,  which  they  also  resemble  somewhat  in  structure  without 
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morphologically  being  equivalent  to  them,  since  catkins  are  inflorescences. 
The  stamens,  which  as  a  rule  are  numerous,  are  scale-  or  shield-shaped, 
with  two  or  more,  rarely  many  (as  many  as  twenty  in  Araucana), 
pollen-sacs  on  their  under  sides. 

The  wide  variations  in  the  structure  of  the  female  flowers  and  the 
fruit  constitute  the  distinctive  characteristics  of  the  different  families 
into  which  the  order  is  divided. 

Family  Plnaeeae. — Female  flowers,  in  the  form  of  cones  ;  the 
ovules  arising  in  scale-like  carpels,  and  ripening  to  seeds  while  still 
enclosed  in  them ;  seed-coats  dry,  without  an  aril  (Figs.  370-373). 

The  male  flowers  are  capitate  or  cylindrical,  frequently  united  in 
clusters.     The  female  flowers  consist  generally  of  a  spindle-shaped  axis 
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with  numerous,  spirally  arranged,  imbricated  scales.  In  the  Juniper 
and  it«  allies  the  flower  is  composed  of  only  a  few  verticillate  carpels. 
In  many  genera  the  carpels  are  simple  (Juniperus,  Agalhis) ;  in  others 
they  have  a  scale-tike  outgrowth  on  the  upper  side ;  in  other  cases,  again 
{AHetoidea^,  two  scales  are  present,  lying  one  above  the  other,  the 
uppermost  of  which,  the  fertile  scale,  hears  the  ovules  and  is 
situated  in  the  axil  of  the  other,  the  cover-scale  (Fig.  366). 

According  to  this  description,  both  scales  of  the  Abittoideae  are  regarded  as 
parts  of  a  deeply -divided  leaf,  reaembling  Bomewhst  a  fertile  leaf  of  Ophioglosmm. 
In  conformity  with  this  view,  the  original  condition  would  be  represented  by  the 
carpels  o[Agathi$.  The  first  beginning  of  the  divisioo  is  represented  by  the  out. 
growths  of  the  scales  in  the  case  of  the  Taxodioideae  and  Araucuios,  and  the  com- 
plete division  IB  represented  by  the  two  scales  of  the  Abietoideae.  On  the  other 
hand,  it  has  also  lieen  held  that  the  fertile  scale  is  a  flattened  branch  or  cladode, 

u  the 

Two  ovules,  less  frequently  only  one  or  a  lai^er  number,  spring 
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frnm  the  baaal  portion  of  the  fertile  scale,  on  the  upper  side ;  but  in . 
the  Cupressoideae  they  are  axill&ry,  arising  from  a  cushion  like  swelling. 
During  the  modification  of  the  flower  in  the  formation  of  the  seeds, 
the  scales  in  most  cases  become  lignified,  and  the  fruit,  familiarly  known 
as  a  cone,  is  thus  produced.  In  some  less  frequent  cases  the  fniit 
resembles  a  berry  in  form. 

Sub-Fauilies. — (1)  Cupreiaoideae.  Leaves  opposite  or  in  whorls;  carpeli 
simple  ;  ovules  Miillaiy,  erect.  Juniperut  (Juniper),  Cupretmi  {Cypress),  Tlivja 
(Arbor  Vitae).  (2)  Taxodtoideae :  Taxodium  (American  Cypress),  Seqvoia.  (J) 
Arautarioidtat :  Araiuaria,  AgathU.  (4)  AbUioidtae.  Leaves  spiral;  carpeli 
divided  into  cover-  and  fertile  scale  ;  ovules  attached  to  the  fertile  scale,  inverUd. 
Abiea  (Silver  Firs),  Pieea  (Spruce  Firs),  Larix  (Larches),  Pinva  (Pines). 

Rbpbbsentativb  Species.— ^unyieriM  communis  [Common  Junijier,  Hg.  370). 
Shrubs  with  needle- shaptd  leaves  arranged  in  whorla  of  three,  and  having  ■  reaiDdOi 
bloom  ;  female  flowers  consistiDg  o( 
three  seales,  eadi  with  an  aiilluj 
ovule  ;  scales  of  the  ripe  fruit  succu- 
lent and  united,  foriuiiig  a  berrj, 
Abies  alba,  the  Silver  Fir  (Fig.  SH). 
Lofty  forest  trees  upwards  of  6S  m- 
in  height,  with  a  silver-grer  barl; 
when  old;  crown  pyramid -shapfd, 
with  horiiontally  extending,  eloc- 
gated  branches  ;  leaves  need1e*Bb>peil, 
flattened  on  the  under  side,  with  t»ii 
bluish-white  longitudinal  lines  in 
addition  to  the  middle  nsrve,  dis- 
placed on  tlie  lateral  branches  in  !'<' 
comb-like  rows  on  each  side  of  tbt 
aiis.  Tlic  flowers  are  aiillary  "i 
apjiear  in  May  at  the  tips  of  tii« 
branches  ;  the  male  flowers  are  cvlio- 
drical,  some  20  mm.  long,  and  heir 
nnmsrous  spirally -arranged  atamias' 
leaves,  each  having  on  the  under  sid* 
two  pollen-sacs  opening  b;  a  lengi' 
,  tudinal  slit  (Fig.  371,  a) ;  the  ftnule 
flowers  are  oblong  -  cylindrical,  aboDt 
8  cm.  long,  and  consist  of  clostlj 
aggregated  cover,  and  fertile  sc*l« 
arranged  spirally  on  a  spindle-ilisped 
axis.  The  cones  (&)  are  erect,  iticir 
in.—AbiciiUba,  D,  Mile  flower; /and  *,Bporo-    jjointed    cover-acalaa   are  much  mr- 


phjlls;  b,  cone;  c,  carpel, 
(donal  lurfiice),  Bhovrii     " 


tr  but  longer  than  the  fertileKtka 

_„,„.,„ ..Bwed'ivmi'Bbove  <v8ut™i    (e.  d),  and,  in  consequence,  they  in 

surhice).    (ArterBiBOUidaciniiDT;  a.r.<I,>iAt.    visible  externally.'    At  msturitj  the 

slie;  b,mluced,)  scales,  together  with  the  seeAa{c.d), 

Iwcome  detached  from  the  axis  and  fall  to  the  ground,    J'icea  exetUa,  the  Niitw»j' 

Spruce,  resembles  the  Silver  Fir  in  size  and  appearance.   The  needles  are  four-sided,  of 

a  uniform  colour,  and  point  in  all  directions,  hut  frequently  bending  tother^btud 
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■  left,  appear  aa  if  arranged  in  comb-like  rows.  The  cones  are  terminal  and  pendent ; 
at  maturity  the  seede  drop  oat  and  the  cones  then  fall  off  entire,  retaining  their 
scales.  The  cover-scales  sre  very  small,  and  not  visible  externally.  Pinia  Ulva- 
trit,  the  Scotch  Fir,  a  forest  tree  upwards  of  40  m.  high  with  a  dome'Shaped  crown. 
Tlie  needles  are  boine  in  pairs  on  greatly  shortened  lateral  axes,  or  dwarf-shoota 
(spurs),  provided  with  scale-like  leaves.  The  male  flowers  (Fig.  372,  l,a),  eiternally 
like  those  of  Abita,  spring  closely  crowded  together  from  the  summit  of  elongated 
shoots  which,  by  continued  growth,  become  prolonged  beyond  them,  producing 
leafy  dwarf  -  shoots.     The   female  flowers  are  at  first  spherical  and  of  a  reddish 


in  loiigitiidin»l  Ki:t\ou,--OrriciXAL.    (Aftfr  Wohbicco.) 

colour  (I,  b).  The  cones  (1,  c)  have  very  small  cover-scales,  but  long  woody  fertile 
scales,  thickened  at  the  ends  in  rhombic  areas,  tbe  apophyses.  As  in  Pieea  exeeha, 
the  cones  fall  otf  entire,  after  the  seeds  have  fallen.  Larix  etiropaca,  tbe 
European  Laicli,  is  particularly  distinguished  by  its  deciduous  leaves,  which  are 
borne  iu  clusters  on  short  spurs. 

GEOORAPHiCALDisTmBUTios.^Tbeft'rtacentinhabit  chiefly  the  North  Temperate 
Zone,  where  many  species  fonn  by  themselves  widely  extended  forests.  In  countries 
borderingon  the  Northern  Pacific,  particnlarly  iu  China,  Japan,  and  Caliromia, 
they  exhibit  their  most  varied  development.  With  the  exception  of  the  Australian 
Euealyplia,  the  giant  trees  of  California,  Sequoia  gigantca,  with  stems  over  100  m. 


'^".DOglc 


high  HDd  1-2  -fai.  in  diameter,  attain  tlie  greatest  height  or  any  trees  in  tbe  woild, 
Germany  poBSCHsea  only  a  few  apeoies  of  Conifere,  Bonie  of  which,  however  (f.j. 
Finvt  tilveslrU,  Picea  taxeUa),  occur  so  abundaotly  that  they  constitute  a  large 
part  of  all  the  vegetation.  The  Silver  Fir  forms  large  wooda  in  the  Voagesand 
the  Black  Foreat,  but  otlierwise  is  rare.  The  common  Juniper  is  also  evarjwhere 
common  on  sandy  soil.  Pinus  montaiia,  Piniit  Ceinhra  (with  three  or  live  needles 
on  each  spur),  Larix  europara,  and  Juttiperus  Habina  are  also  foiind  in  Oermin;, 
but  except  P.  montaaa,  they  occur  only  in  the  Bavarian  Alps. 

Many  Piiujwoe  are  cultivated  in  Germany  onaooount  of  their  beauty  or  economic 
value.  In  addition  to  the  indigenous  sjiecies,  the  following  examples  may  be 
meotioned  :  Pinua  Strabus,  Weymouth  Pine  [North  America)  ;  Tkiya  oaidtrUaUi, 
American  Arbor  Vitao-rf^^j^s  Libani,  Cedar  of  Lebanon  ;  variooa  species  of 
Araiicarui,  from  thrlemperate  zone  of  the  southern  hemisphere. 
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Pis  Ll<)lTlDA  ;  from  PinTii  FunlUio,  Ol,  Piki 

Family  Taxaceae. — Formation  of  conts  imperfect ;  the  ovules 
PROJECT  BEYOND  THK  CARPEi£,  Or  the  latter  may  be  absent ;  the  ripe 
seed  possesses  an  aril,  and  some- 
times also  a  succulent  seed-coat 
(Figs.  374,  375). 

Tiij-iu  baaaia,  the  Yew  (Figs.  374, 
375),  IB  an  evergreen  tree  devoid  of 
resin,  Bometimes  stt&iuiag  a  height 
oflOm.  The  alioota  are  all  elongated 
and  bear  flat  needles,  arranged  right 
and  left,  in  two  ranks.  The  male 
Qowvr  is  oiillaiy  and  consists  of  ten 
shield-aliaped  staminal  leaves  united 
in  a  spherical  head  surmounting  the 
apei  of  a  abort  stalk  beset  with  scales 
below.  The  female  flower  also  termi- 
nates the  apex  of  a  scaly,  axillary 
stalk.  The  stalk,  however,  ju  this 
ca.se  is  composed  of  a  lower  portion 
ending  bliudly,  the  primary  shoot, 
and  an  upper  lateral  secondary  shoot, 
which  tenniaates  in  a  single  erect 
ovute.      Carpels  are  wanting.      The 

ripe  seed  is  enclosed  in  a  red  oupular        p.^.  sn.^y^,  ^^^u,:  bmnch  *IOi  rtpe  seedx 
aril  (Fig.  274).  (1  ™t.  »iie).-Po(ao.vocj. 

Gkooraphr-al  Distkibutiok.— 
The  Taxactat  grow  for  the  most  part  in  the  southern  hemisphere.  Ginkgo  biloba 
{Salitburya  aiiiarUi/olia),  sometimes  found  in  cultivation,  is  indigenous  to  Eaateri: 
Asia.  In  appearance  it  resembles  a  foliage  tree,  and  is  characterised  by  its  fan. 
aliaped,  deciduous  loaves,  which  are  cleft  dichotomoilsly.  The  seeds  are  about  tlie 
size  of  a  plum  and  have  a  succulent  coat. 

Poiso.socs.— The  young  shoots  and   the  seeds  of   Taa^ui  baaala:    the   red 
enveloping  aril,  however,  is  harmless,  and  often  eaten  by  children. 


Order  8.  Onetlneae 

One  family ;  C)n6tacea«.^ Flowers  with  perigone  ;  woody  plants, 
without  resin,  aiid  with  true  vessels. 

In  the  presence  of  a  perigone,  which,  however,  is  very  small  and 
insignificant  -  in  the  indication  of  a  union  of  the  sexes,  in  an  in- 
florescence in  the  case  of  Giielum,  in  a  female  flower  of  Jfelwitschi't  : 
in  the  possession  of  true  vessels  in  the  wood  and  sometimes  of 
reticulate ly- veined  leaves  (Gnetum),  the  Gnelnceite  show  a  resemblance 
to  the  Dicotyledons,  and  may  accordingly  be  regarded  as  the  most 
highly  developed  of  all  the  Gymnosperms. 

The  three  genera  included  in  this  family  differ  considerably  from  each  other. 
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The  species  Ephidra,  found  in  the  HoditcTranean  region,  are  shrubby  plants  with 
ileuder  brancbes  devoid  of  foliage-leaves.  The  genus  Gmtuni  (Tropical  Asia  and 
America)  compriaes  treea  and  lianea  with  large  re  ticu  lately -veined  leaves.     The 
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only  species  of  the  third  genus,  fVelwiltchia  mirabilis  (South-we^t  AMca),  o 
the  moat  wonderful  of  all  plants,  has  a  thick,  short,  ovoid  stem,  which  gives  ri 
only  two  band-shaped  leaves  over  a  metre  long ;  as  they  continue  to  grow  s 
base,  tbe  leaves  gradually  die  at  the  apex,  and  are  torn  into  segments. 


1  longituilLiiaJ  section  or  a  primuy 
sboot;  o,  nidlDienti  of  tJw  ujl :  i, 
K,  iniiropjle  ( x  IB).— Po/*j/rora. 


ANGIOSPERMAE 

The  Angiosperms  constitute  by  far  the  greatest  part  of  the  vege- 
tation of  the  earth.     All  grasses,  herbaceous  plants  and  shrubs,  and. 
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with  the  exception  of  the  Ferns,  Horse-tails,  and  Club  Mosses,  all  our 
toMAge  trees  belong  to  this  class.  Varying  in  size  from  plants  like 
Wolffia  arrkixa,  no  larger  than  the  head  of  a  pin,  to  the  Eacatyplus 
trees  of  Australia  with  a  height  of  140-150  m.,  they  exhibit  a  great 
diversity  of  external  form,  greater  than  in  any  other  class  of  the 
vegetable  kingdom. 

The  greatest  variety  of  form  appears,  however,  in  the  structure  of 
the  flowers.  It  is  the  flowers  that  distinguish  tbe  Angiosperms  so 
markedly  from  the  Gymnosperma,  and,  together  with  the  fruit  and 
seeds  to  which  they  give  rise,  they  furnish  the  most  available  means  of 
classification. 

Little  of  general  application  can  be  said  concerning  the  vegetative 
organs ;  they  will  be  considered  more  in  detail  in  treating  of  the 
separate  sub-classes,  orders,  and  families.  Decided  differences  between 
the  external  differentiation  of  the  Angiosperms  and  the  Gymnosperms 
are  not  apparent.  As  regards  their  internal  structure,  the  Angiosperms, 
in  contrast  to  the  Pteridophytes  and  almost  all  Qymnosperras,  possess 
true  vessels,  except  in  the  case  of  certain  Mag-noltacat,  which  in  their 
secondary  growth  resemble  the  Conifers  (cf.  p.  128). 

The  Flower 

While  the  Gymnosperms  have  only  simple,  inconspicuous  flowers, 
in  which  a  perianth  is  either  entirely  absent  or  only  represented  by 
scale-like  catsphylls,  the  flowers  of  the  Angiosperms  have  a  more  com- 
plicated and  varying  structure,  and  in  most  cases  are  provided  with  a 
well-developed,  coloured  perianth.  This  difference  in  the  character 
of  the  flowers  of  the  two  classes  is  due,  in  great  measure,  to  the  modi- 
fications which  have  arisen  in  the  flowers  of  the  Angiosperms  during 
their  transition  from  wind-  to  insect-pollination  {ef.  p.  281).  The 
involuntary  intervention  of  insects  in  transferring  the  pollen  from 
flower  to  flower  disturbed  the  formative  force  of  the  flowering  region, 
and  called  forth  that  wonderful  degree  of  adaptation  displayed  by  the 
flowers  of  so  many  Angiosperms,  rendering  them  the  most  remarkable 
structures  in  the  vegetable  kingdom. 

Although  the  influence  of  the  insect-world  upon  the  formation  of 
the  flowers  is  perceptible  in  the  great  majority  of  Angiosperms,  the 
pollination  of  a  few  of  the  lower  groups  is  still  effected  by  the  wind ; 
others  again  have  returned  to  that  condition,  or  have,  althoim;h  rarely, 
resorted  to  self-pollination.  lu  such  cases  the  flowers  are  inconspicu- 
ous and  odourless,  for  both  colour  and  perfume  are  only  of  use  to  plants 
as  a  means  of  enticing  insects.  While  the  possession  of  conspicuous 
or  sweet-smelling  flowers  is  a  sure  indication  of  the  Angiospermic 
nature  of  a  flower,  it  must  not  be  concluded,  conversely,  that  plants 
with  insigniflcant  flowers  do  not  belong  to  the  Angiosperms. 

Horpholosry  of  the  Flower. — In  contrast  to  the  Gymnosperms, 
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tte  AngioBperma  have  for  the  most  part  hermaphrodite,  cyclic  flowers 
provided  with  a  perianth.  The  perianth  generally  consiate  of  two 
whoris  of  floral  leaves  unlike  in  appearance,  and  distinguishable  as 
CALYX  and  coROLLA.  The  calyx,  the  outer  whorl  of  the  perianth 
(Fig.  357,  k),  functions,  as  a  rule,  as  a  protective  organ  to  the  inner 
parts  of  the  young  flower  while  still  in  process  of  development  The 
leaves  of  the  calyx,  or  sepals,  accordingly  appear  early ;  they  resemble 
foliage-leaves  in  colour  and  structure,  as  it  would  be  of  no  advantage  to 
the  young  flower,  sometimes,  on  the  contrary,  a  detriment,  if  they 
were  too  conspicuous. 

The  COROLLA  (Fig.  357,  c),  on  the  other  hand,  is  often  brightly 
coloured,  so  that,  even  from  a  distance,  it  is  clearly  distinguished  from 
the  green  foliage.  At  first  concealed  in  the  bud,  either  enclosed  by  the 
calyx  or  of  a  green  colour,  the  corolla  only  attains  its  full  purpose  and 
development  when  the  sexual  organs  have  arrived  at  maturity  and 
require  the  co-operation  of  insects.  This  condition  is  indicated  by  the 
opening,  or  anthesis,  of  the  flower.  The  corolla  functions  not  only 
by  means  of  its  colour,  but  also  frequently  by  its  shape  and  position 
{ef.  p.  283),  in  the  service  of  pollination.  The  leaves  of  the  corolla 
are  termed  petals;  the  mode  of  their  arrangement  in  the  bud 
(■ESTIVATION,  see  p.  37)  is  of  systematic  value. 

While  in  most  flowers  of  Angiosperms  the  perianth  is  double, 
consisting  of  a  green  calyx  and  a  corolla  of  another  colour  (ketero- 
ekiamydecms),  there  are  exceptions  to  this  rule.  Sometimes  the  flowers 
have  only  a  simple  perianth  (nwwxJilami/tUom),  or  both  whorls  of  a 
double  perianth  may  be  similar  {homocMamydeous).  In  such  cases  it 
is  customary  to  speak  of  a  pkrigonb,  designating  it  as  calycoid 
(sepaloid)  when,  as  in  the  Nettle,  it  is  green  or  insignificant,  corolla- 
ceous  (petaloid)  if  it  is  conspicuous  and  coloured  like  the  simple  floral 
envelope  of  Clematis  or  the  double  one  of  Cokkkum  or  Crocus.  The 
separate  leaves  of  the  perigone  are  termed  PETALS. 

As  an  additional  exception  to  the  usual  structure,  the  less  frequent 
case  may  be  mentioned  in  which,  as  in  Aconilum,  the  calyx  is  highly 
coloured  while  the  corolla  is  inconspicuous. 

The  leaves  composing  the  whorls  of  the  perianth  may  be  free  or 
united.  In  the  former  case  the  perianth  is  spoken  of  as  polyphyllous 
(also  chorisepalous,  choripetalous,  dialysepalous,  dialypetalous) ;  in  the 
latter  case  as  gamophyllous  (also  gamosepalous,  gamopetalous,  sym- 
petalous). The  upper  margin  of  a  whorl  of  united  perianth -leaves  is, 
as  a  rule,  divided  into  as  many  teeth  or  lobes  as  the  number  of  leaves 
which  enter  into  its  formation. 

The  use  or  the  term  g&mophyllous  does  not  imply  that  the  leaves  were  ori^n- 
all;  separate  and  have  subsequeDtlj  become  coherent  in  the  coarse  of  their  ODto- 
genetic  development.  On  the  contrary,  the  leaves  forming  such  united  pariiuith- 
whorU  have  *U  arisen  (rom  one  undivided  wall-like   protuberanoe  of  the  floral 
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Flowers  uuprorided  with  an  enveloping  perianth  are  termed 
NAKED  (flchlam^eom) ;  such  are  of  rare  occurrence  among  the  Angio- 
Bperma  {e.g.  the  Grasses,  and  Piperaceae). 

The  ANDR<ECiuu  of  most  Angiosperms  consists  of  filiform, 
Btaminal  leaves,  the  stamens,  which  bear  no  resemblance  to  ordinary 
foliage-leaves.  In  each  stamen  there  may  usually  be  distinguished  a 
slender  stalk-like  portion,  the  filament,  surmounted  by  an  anther 
containing  four  pollen-sacs.  The  anther  gener- 
ally consists  of  two  swollen  halves  termed  the 
TBEC£,  parallel  to  the  axis  of  the  filament,  and 
each  containing  two  pollen-saca  (Fig.  376). 

Each  theca  usually  dehisces  by  a  longi- 
tudinal slit  so  situated  along  the  partition  walls 
between  the  two  pollen-sacs  that  it  is  common 
to  both  (Fig.  358,  ji).  In  less  frequent  cases 
the  dehiscence  of  tlie  anthers  is  effected  by 
means  of  pores  or  by  openings  with  valves. 
According  to  the  position  of  the  thecae,  whether 
on  the  inner  (ventral)  or  outer  (dorsal)  side,  the 
anthers  are  designated  respectively  INTRORSE  or 

KXTRORSK.  mm  ot  a^imniamm  nivr  ,■ 

The  part  of  the  anther  uniting  its  two  ^' '  ^Lm  "«t '  ^' mSl'' 
thecte  is  termed  the  connECtivk.  It  UBU*lly  ''"n"™  '»  "»«" 
consists  merely  of  a  thin  plate  of  tissue  (Fig.  37C,  0);  sometimes, 
however,  it  is  more  distinctively  developed,  as  in  SoImji  (see  Fig.  219), 
where  it  is  rod-shaped,  projecting  obliquely  from  the  apex  of  the 
filament,  or  as  in  the  Violet  and  some  of  the  Ericaceae,  in  which  it 
forms  horn-like  spurs. 

The  pollen-grains  are  variously  shaped,  dry  and  smooth  where 
pollination  is  effected  by  the  wind,  but  more  or  less  sticky  or  spinous 
when  adapted  for  entomophilous  pollination.  In  some  cases  tbe^ 
cohere  in  tetrads  or  in  larger  groups  (Fig.  359). 

The  stamens,  although  generally  quite  free  from  each  other,  are 
sometimes  coherent  into  several  bundles,  as  in  Hypmaim;  or,  aa  in 
Ononis,  into  a  tube,  or  into  a  column,  as  in  the  case  of  CucurbUa.  The 
cohesion  may  extend  throughout  their  whole  length  (e.g.  CucarbUa),  or 
it  may  he  restricted  to  the  filaments  (e.g.  Malvaceae). 

^  the  branching  of  the  stamens  an  appearance  is  produced 
similar  to  that  resulting  from  their  fusion.  It  is  often  only  possible  to 
determine  which  may  be  the  case  by  a  comparative  study  of  their 
mode  of  development  in  allied  forms.  Sometimes  the  branched  char- 
acter of  the  stamens  is  indicated  by  the  fact  that  the  anthers 
each  contain  only  one  theca,  and  appear  to  he  halved.  Undoubted 
examples  of  branching  are  afi'orded,  for  instance,  by  the  flowers  of 
Jiicimu,  with  tree-like,  branching  stamens,  or  by  those  of  the  MaXvaceae, 
in  which  the  stamens  are  coherent  below  and  branched  above  (Fig.  377). 
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The  andrcecium  springs   directly  from  the   floral  axis,  or  it  is 
adnate  to  other  portious  of  the  flower,  in  particular  to  the  perianth. 

Great  weight  waa  formerlj  att&ched  b;  Byiitematists  to  the  mode  of  iusertiDn  of 
the  andrrEcium.  It  was  then  customary  to  distinguieh  Thalami^orae,  Corolti- 
Jlorae,  or  CalycifioToe.  according  as  the  stamena 
were  inserted  on  the  receptacle,  the  corolla,  or 
Che  calyi.  Calyeijlorae,  as  a  matter  of  fact,  do 
not  occur,  aa  iu  such  cases  the  snpposed  caljii  is 
in  reality  the  expanded  floral  axis. 

The  term   staminodbs  is   applied  to 

sterile  members  of  the  andrcecium  which 

produce  no  pollen,  and  are  either  abortive 

and  functionleas  {e.g.  Ltnum)  or  are  peta- 

loid    in  appearance,   and   serve  as  organs 

of  attraction    {e.g.   Zingiberaceae).      Phylci- 

'  genetically   tliey  are   to   be   regarded  as 

'.  derived  from  normal  stamens. 

'  The    GVNCECillM    is    always    the    ter- 

BCHmrrT,  nix[nin™.>  minal   Structure  of  the   flower,  occupying 

the   apex   of   the   floral   axis.     It   is   either   composed   of   separate 

members,  APOCAKPOUs  (Fig,   378,  A),  or  the  members  are  united, 

SYNCAKP0U8  (B,  D).     Iii  the  first  case  the  margins  of  each  carpel 

are  so  joined  together  that  each   forms  a  distinct  OVARY  or  closed 

cavity    containing    the    ovules.     The    carpels  of    a    syncarpous  gjn- 


I.  an.—AWiaea  ojflriiuJu,  Bower    ^ 
cut    through    longltudli 
eplcalyr;  b.  cslync  w 
Budneclum.      (Atter   B 


oecium,  on  the  other  hand,  are  coherent  and  form  collectively  a  single 
ovary,  which  may  be  either  plurilocular  when  the  coherent  mai^n' 
of  the  cariieJs  extend  to  tlie  axis,  or  unilocular  it  the  carpi'ls  cohere 
simply  by  their  edges,  and  do  not  turn  inward,  or  only  slightly. 

The  double  walls  or  dissepiments  of  a  plurilocular  ovary,  formed 
by  the  inwardly  projecting  margins  of  the  coherent  carpels,  are  die- 
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tinguished  as  true,  in  contrast  to  the  pajss  dissepiments  which,  in 
rare  cases  (e.g.  Lalmtae),  are  produced  by  ingrowths  from-  the  internal 
surface  of  the  carpels. 

The  ovary  is  prolonged  upwards  as  a  neck-like  style,  expanded  at 
the  apex  into  a  stigma,  which  may  be  of  various  shapes.  The  whole 
organ,  consisting  of  ovary,  stylo,  and  stigma,  is  termed  the  FISTIL. 

A  completely  ayacarpous  gyncecium  possesses  but  one  ovary  ,and 
one  stigma  (Fig.  378,  C).  The  cohesion  of  the  carpels  may,  however, 
be  restricted  to  the  basal  portions  in  such  a  way  that  the  ovary  bears 
as  many  separate  styles,  or  a  style  as  many  stigmas,  as  the  number  of 
carpels  united  in  the  ovary  (if,  D).  The  reverse  case,  in  which  only 
the  upper  portions  of  the  carpels  cohere,  and  not  the  lower,  occurs  only 
in  the  Apoe^nacme  and  Aadepiadacaie. 

The  style  exhibits  great  variation  in  length  and  thickness.  It  is, 
for  example,  long  and  filiform  in  Crocus,  short  and  thick  in  Tuitpa.     It 


is  either  traversed  by  an  axial  canal  or  filled  with  a  loose  parenchyma. 
The  stigma  may  be  disc-shaped,  ellipsoidal,  capitate,  bifurcate,  or  more 
rarely,  as  in  Iris,  corollaceous.  Its  surface  is  generally  velvet-like, 
covered  with  papillie,  and  is  moist  and  sticky. 

Tlie  ovules  are  always  enclosed  in  the  cavity  of  the  ovary.  They 
are  developed,  as  a  rule,  from  the  margin  of  the  carpels,  and  are  there- 
fore in  unilocular  ovaries  parietal  (Fig.  379,  A);  in  plunlocular,  axile 
or  axillary  (B). 

Sometimes  a  departure  from  this  mode  of  development  of  the 
ovules  is  exhibited,  and  the  placentation  instead  of  being  marginal  is 
superficial ;  the  ovules  are  distributed,  as  in  Butomits,  over  the  whole 
inner  surface  of  the  carpels.  In  other  cases,  again,  the  placentation  is 
free-central  and  the  ovules  appear  to  be  produced  from  the  floral  axis 
itself,  as  in  the  orders  Centrospfrmae,  so  called  on  account  of  this 
peculiarity;  and  in  Primulaiae  (Fig.  379,  C).  In  the  last  case,  the 
anomalous  position  of  the  ovules  is,  attributed  to  the  disappearance  of 
the  dissepiments,  or  to  their  coalescence  and  displacement. 
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The  position  asaumed  by  the  ovules  themselvoB  in  the  cavity  of  the 
ovary  may  be  erect  (f.3.  Poli/gmKm,  f'ig.  388),  hanging  (e.g.  I/mWit- 
/«■(«,  Fig.  380),  iir  horizontal  (e.g.  Delphinium,   Fig.   381).     The 
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raphe  is  ventral  when  it  is  turned  towards  the  placenta,  dorsal 
when  tuned  away  from  it. 

The  FLOWER-AXIS  (receptacle,  torus)  is  usually  thicker  than  the 
flower-stalk,  of  which  it  occupies  the  apex.  It  frequently  expands  by 
intercalary  growth  between  the  andrcBcium  and  gynceciun,  into  a 
disc,  cupular,  or  urn-shaped  body,  which  affects  essentially  the  pneral 
appearance  of  the  flower.  In  the  simplest  cases  the  flower-axis  is 
club-shaped,  and  the  floral  whorls  succeed  each  other  in  tiers.  Such 
flowers  are  said  to  be  inferior  or  HYPOGYNOUS  ;  their  ovaries,  suPERrOR 
(Fig.  382).     When  the  axis  is  developed  as  a  concave  receptacle,  so 


that  the  gyncecium  is  inserted  at  the  same  height  as  the  andrcecium 
or  lower,  but  free  and  not  coalescing  with  the  axis,  the  flower  19 
PERiGYNors,  the  ovary  half-inferior  (Fig.  383,  2);  but  if  the  ovary 
is  adherent  to  the  axis,  it  is  described  as  inferior  ;  the  flower  as 
superior  or  EPiGYNOt's  (Fig.  383,  3).  Only  the  internal  portion  of  an 
inferior  ovary  formed  by  the  carpels  is  accordingly  homologoua,  with  a 
superior  or  half-inferior  ovary.     Transitional  forms   between  these 
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different  modes  of  inBortion  of  the  ovary  frequeutly  occur;  thus  a 
flower  may  be  slightly  perigynoua  (maoy  Leffuminmu:)  or  imperfectly 
epigynous. 

The  flower-axis  can,  in  addition,  by  the  fonnation  of  outgrowths  of 


'iQ.  SSS.— Wnerent  flowe™  belonging  to  the  ftmlly  R 

PottntiUa  paJiMri9,-iiypogyaoMi ;  S.  Alctiemiila  alpina,  perlgynoiu ;  9,  Piitu  Ualut.  epIfTnoiu- 
(AfUc  FocKE  <n  Sal.  PJUtn^en-JamUirt,  mi«nLn«I,) 

different  natures,  essentially  modify  the  structure  of  the  flower.     These 

accessory    structures    are    sometimes    lai^    and    corollaceous,    as    in 

Paisijhra  (Fig.  489),  but  they  are  usually  inconspicuous  and  confined  to 

Che  DISC.     The  latter  constitutes  either  a  continuous  ring  or  a  circle  of 

glands  or  scales,  occupying  generally  a  position 

between  the  andrcecium  and  gynoecium  {Fig.  384). 

The  disc  usually  secretes  a  sweetish  fluid,  and  is 

then   termed  a  nectary,  in  consequence  of  its 

biological  function.     Other  parts  of  the  flower, 

the    petals    for    instance,   may   be    developed    as 

nectaries  (Aamitum,  Fig.  462). 

Arran^ment  and  Number  of  the  Floral 
Leaves. — In  some  Angiosperms,  as  in  most 
tiymnosperms,  the  floral  leaves  are  all  or  in  part  Fio.  sM.-^Fiower  of  fihw 
arranged  spirally.  Flowers  in  which  the  spiral  "«l*™-  =,  Oiijx;  b, 
.  arrangement  of  the  leaves  prevails,  as,  for  ex-  beU'eeii  t'ue  'stanimi- 
ample,  is  generally  the  case  in  the  Ranunculaceae,  d.  t,  gyinecmm.  (auct 
are  termed  acyclic.  ''"''ifled''i'     ^""""' 

In  a  large  majority  of  Angiosperms  the  flowers 
are  CYCLIC,  and  have  their  leaves  arranged  in  whorls.  Most  frequently 
five  successive  whorls  are  present,  alternating  regularly  with  each  other. 
Of  these,  two  belong  to  the  perianth,  two  to  the  andrcecium,  and  one 
to  the  gyncecium.  Flowers  constructed  after  this  type  are  described 
as  PKNTACYCLic  {Fig.  asS). 

The  number  of  parts  in  a  whorl  is  usually  the  same  in  the 
perianth  and  andrcecium  —  in  Monocotyledons  generally  three,  in 
Dicotyledons  five.  This  uniformity  in  the  number  of  members  in  the 
whorls  may  also  extend  to  the  gynoecium ;  but,  as  a  rule,  particularly 
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in  Dicotyledons,  the  number  of  carpels  is  smaller.  Th«  number  of 
members  in  ilie  whorls  of  the  perianth,  andrcecium,  and  gynoecium  is 
indicated  by  the  terms  di,  tri,  t«tra,  pentamerous,  etc. 

A    TYPICAL    ANGIORPERUOU8    FLOWER    IS    CONSTRUCTED    OF    FIVK 

ALTERNATING    ISOMEROUS    WHORLS,    Of    WHICH    TWO    BELONG   TO   THE 

PERIANTH,    TWO    TO    THE    ANDR(£CIUM,    AND    ONE 

•  TO  THE  GYN«ECIUM.     Flowers  varying  from  this 

type   have  either  continued   in   an   undeveloped 
Btage,  as  those  of  the  amentaceous  plants,  or,  like 
Vi"  ]rtg\  ^\\    the  acyclic  flowers,  they  belong  to  a  family  which 
H  •JjN©'^  i/    has  been  separated  from  the  main  line  of  descent, 
^»^,<Xi,J^       or  they  have  been  subsequently  modified  from  the 
normal  type  in  the  course  of  phylogenetic  evolu- 
tion,   like     the    flowers    of    the    Orchidaceae    and 
Labiaiae. 
'         Only  such  variations  from  typical  Angiosperm 
(Luu^i^'  '     "**'  flowers  are  mentioned  in  this  general  summary  as 
may  have  arisen  by  subsequent  modification.     To 
avoid  repetition  the  other  special  cases  will  be  considered  later  in  the 
detailed  description  of  the  single  flowers. 

A  simple  and  not  infrequent  \'arialion  from  the  normal  structure 
is  presented  in  flowers  in  which  the  stamens  of  the  outer  whorl  are 
opposite  the  petals,  and  those  of  the  inner  whorl  opposite  the  sepals. 
An  andrtecium  of  this  character  is  termed  OBDIPLOSTEMONOUS,  as 
distinct  from  the  typical  DlPLOSTEMONOOs  arrangement  of  the  stamt^ns. 
Another  of  the  more  common  variations  from  the  original  type  is 
due  to  the  multiplication  of  the  whori-s  (pleiotaxy),  often  occurring 
in  the  androecium  (Kose),  less  frequently  in  the  perianth  {Berberis),  very 
rarely  in  the  gyncecium  {Punica  Giaimtnm). 

A  variation  of  even  more  frequent  occurrence  results  from  the 
UIMINLTION  OF  THE  NUMBER  OF  WHORLS  (oligotaxy).  Thls  is  often 
shown  in  unisexual  flowers,  although  by  no  means  in  all  cases,  as 
the  missing  organs  may  be  represented  by  reduced  and  function- 
less  parts,  as  in  the  similar  case  of  the  mammary  glands  of  male 
mammals.  Tiius  in  the  female  flowers  the  place  of  tlie  stamens 
is  not  uncommonly  occupied  by  sterile  staminodia.  In  hermaphrodite 
flowers  also  a  reduction  of  the  number  of  whorls  is  often  shown.  The 
occurrence  of  flowers  with  a  simple  perianth  baa  already  been  mentioned ; 
flowers  with  a  simple  androecium  are  still  commoner. 

Such  examples  cannot,  in  all  cases,  be  attributed  to  a  reduction 
from  the  normal  pentacyclic  type.  On  the  contrary,  they  often 
represent  a  primitive,  more  simple  type  {e.g.  the  flowers  of  the  Nettle 
and  its  allies).  The  absence  of  a  whorl  may  only  be  referred  to  its 
suppression,  when  such  a  conclusion  is  corroborated  by  other  evidence, 
such  as,  for  example,  may  be  derived  from  a  comparison  of  allied 
forms,  as  in  the  case  of  the  Orchidaceae,  in  which  the  androecium  is 


user.  II  PHANEROGAMIA  453 

represented  sometimes  by  an  outer,  sometimes  by  an  inner  whorl, 
while  the  perianth  and  gynaucium  at  the  same  time  exhibit  the  highest 
stage  of  development. 

Flowers  in  which  the  andrcecium  is  formed  by  a  single  complete 
whorl  are  said  to  be  haplostbmonous. 

In  addition  to  the  number  ■  of  the  whorls,  the  number  of  the 
members  composing  the  single  whorls  is  subject  to  variation,  and  is 
due  similarly,  in  many  if  not  in  all  cases,  to  their  subsequent  diminu- 
tion by  reduction  or  to  their  multiplication  by  splitting. 

A  decrease  in  the  number  of  the  floral  leaves  of  a  single  whorl  (oli- 
gomery)  is  moat  frequently  met  with  in  the  gynoecium,  which,  in  flowers 
with  a  pentamerous  perianth  and  andrcecium,  has  usually  but  three  or 
even  two  carpels.  Next  to  the  gyncecium  a  suppression  of  one  or  more 
members  of  a  whorl  is  most  frequent  in  the  androecium,  while  the 
perianth  rarely  consists  of  incomplete  whorh  (Fdt/gala).  Multiplication  of 
the  members  of  a  whorl  (pleiomery)  occurs  most  often  in  the  andrcecium, 
less  frequently  in  the  gyncecium  (Malm),  still  less  frequently  in  the  peri- 
anth {Dryas  odopetala).  Flowers  with  incomplete  whorls,  resulting  un- 
questionably from  suppression,  are  met  with,  for  example,  iu  the  family 
ScrophiiarioKae,  in  which  the  genus  Verhiiscitm  possesses  five  fertile 
stamens,  while  in  Scrophvlaria  the  posterior  stamen  is  represented 
only  by  a  staminodium,  and  in  most  of  the  other  genera  it  is  altogether 
absent.  The  origin  of  a  pleiomerous  whorl  from  one  consisting  of 
fewer  members  is  equally  well  shown  in  the  flowers  of  Tiliti,  where  the 
numerous  stamens  are  arranged  in  five  groups,  which  occupy  a  corre- 
sponding position  to  the  five  simple  stamens  of  allied  forms. 

The  Symmetry  of  the  Flower. — The  flowers  of  Angiosperms  are 
sometimes  actinomorphk;  (radial),  sometimes  zvgomorphic  (uono- 
symmetrical),  or,  more  rarely,  asymmetrical. 

Radial  flowers  exhibit  probably  the  more  primitive  structure,  since 
in  them  the  arrangement  of  the  members  varies  less  from  that  of  the 
vegetative  region.  The  derivative  origin  of  zygomorphic  flowers  is 
apparent  in  their  more  complicated  structure,  metamorphosis,  and  reduc- 
tion. Zygomorphism  is  always  indicative  of  a  high  degree  of  adapta- 
tion to  insect-pollination. 

A  flower  is  longiix'dinally  zygomorphic  when  the  plane  of  sym- 
metry coincides  with  the  median  plane  of  the  flower,  viz.  the  plane 
passing  through  its  axis  and  the  axis  of  the  main  stem  {(.g.  Oickidactae, 
Laimttae) ;  obliquely  ZYGOMORPIIIC  when  it  cuts  the  median  plane  at 
an  acute  angle  {Aesrutus) ;  TRANsraR-SEl-Y  ZYGOMORPHIC  when  it  cuts 
the  median  plane  at  right  angles  (Fiinmriaceiie).  The  first  is  by  far 
the  commonest.  Occasionally  a  plant  which  otherwise  possesses  only 
zygomorphic  flowers  produces  others  of  a  radial  structure.  Such  ex- 
ceptional radial  flowers  are  termed  PBLURIA,  and  are  regarded  as 
the  result  of  reversion  to  the  primitive  type. 

FlOPal  Diagrams  and  FormulEe. — The  number  and  arrangemeDt 
2  I  2 
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of  the  floral  leaves  are  most  clearly  repreaented  by  means  of  diagrams 
or  formulffi.  The  manner  in  which  such  diagrams  may  be  conBtructed 
has  previously  been  explained  (p.  3d).  In  a  floral  formula  the 
single  whorls  are  indicated  by  letters,  the  number  of  their  members  by 
corresponding  figures,  or,  when  their  number  is  large  or  indefinite, 
by  00  .  The  union  of  parts  is  expressed  by  ( ),  superior  and  inferior 
ovaries  by  a  line  above  or  below  the  corresponding  figure,  zygomorphism 
byf. 

Of  the  letters  employed  in  such  formulte,  R  =  calyx,  C=  corolla, 
P  =  perigone,  A  -  andrcecium,  G  =  gynoecium.  The  following  are' ex- 
amples of  floral  formulae. 

Lily    ....  r3  +  3,  AS  +  3,G(3). 

Buttercup     .     .  K  5,  C  5,  A  oo ,  G  « . 

Apple  Blossom  .  K  5,  C  5,  A  =o ,  G  (5). 

Digiialis   .     .     .  t  K  5,  C  5,  A  4,  G  (2). 

FertiUsatloa  and  its  Results 

'■"  The  Sexual  Generation. — The  male  prothallium  of  the  Angio- 
sperms,  like  that  of  the  Gymnosperms,  consists  of  a  small  antheridisi 
and  a  large  vegetative  cell,  not  separated,  however,  by  a  partition  wail 
(Fig.  386).  The  -antheridial  cell  divides  ultimately  into  two  naked 
generative  cells. 

The  ovule  contains  one  embryo-sac,  very  rarely  more.  Within  the 
embryo-sac  only  six  cells  are  produced,  and  not,  as 
in  the  Gymnosperms,  an  enclosed  tissue  consist- 
ing  of  numerous  cells.  These  six  cells,  which 
remain  naked  until  fertilisation  takes  place, 
arrange  themselves  in  two  groups  at  the  poles 
of  the  embryo-sac,  each  group  consisting  of  three 
cells. 

The  group  of  three  cells  at  the  micropylar  end 

of  the  embryo-sac  constitutes  the  bgg-apfaratuh 

Fio.  BS6.-riWfw.Mio  (Fig.   387).     It  comprises  the  egg-gell  and  two 

^S'VC  ^™n  SYNERGID^     SO     designated     because,     although 

tuto   an  BiiiherMiai  remaining  sterile,  they  are  apparently  of  aseistaoce 

«nd  vegetittve  Mil.  jn  the  fertilisation  of  the  egg-cell.     The  cells  at 

the  other  pole  of  the  embryo-sac  fulfil  no  apparent 

function.     They  are  termed  antipodal  cblis. 

Egg-a])paratu8  and  antipodal  cells  are  together  regarded,  probably  correctly,  al 
avery  reduced  prothallinm,  homologous  with  tlie  uudoubt«d  prothallimn  developed 
in  the  embrjo-sac  of  Cymnospemis.  In  support  of  this  view,  however,  there  ii « 
jBt  no  phylogenetic  evidence.  The  development  of  the  colls  takes  place  Bomowbat 
as  follows. 
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Th«  nudeiia  ot  the  embryo-sac  dividea  into  tiro.  01  these,  one  movea  towards 
the  upper  micropjtu  pole,  the  other  towards  the  lower  or  chalaxal  pole.  Kacli 
DQcleufl  then  gives  rise  by  repeated  divisioD  to  four  noelei,  around  three  of  which 
protoplasm  becomea  aggregated,  while  the  remaiaing  two  nuclei,  withdrawing 
towards  the  centre  of  the  embryO'sac,  meet  and  fuse  into  the  definitive  or  secondor; 
nucleus  of  the  embryo-sac. 

The  three  naked  cells  at  the  micro)>ylar  end  develop  into  the  egg-apparatus, 
the  three  at  the  chalazal  end  into  the  antipodal  cells. 

Fertilisation. — From  the  pollen-grains  conveyed  to  the  stigma  hy 
the  wind  or  by  means  of  insects,  pollen-tubes  are  developed  which 


o.  SS!.— Orchil  palleni,  ovnie.  /.  Funi- 

iMtion.    />,  Stalk-like  l*Hiotovary;j^i, 

pyls;    r,  nphs;   I,  air -cavity;  m. 

nucleus  of  eiobryo-eiic ;  «,  egg.apIi>untiiB 

(Magnified.) 

podal  cellH:  e,  style;  n,  atlipiis;  p,  pal 

jH,  [Bllon-tJilwa.    (x«.) 

penetrate  the  canal  or  loose  parenchyma  of  the  style  (Pig.  388).  The 
tubes  increase  in  length  until  one  comes  in  contact  with  the  synergidee 
(Fig.  389).  One  of  the  generative  cells  is  then  transferred  through 
the  synergidje  into  the  egg-cell,  whereupon  fertilisation  is  effected,  as 
in  all  cases,  by  the  fusion  of  the  two  cells.  After  fertilisation  has 
taken  place,  the  synergidte  undei^o  dissolution,  apparently  being 
absorbed  by  the  fertilised  egg.     The  egg  itself  becomes  invested  with 
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a  cell-wall,   and  ultimately  elongates 
which  divides  transversely  into  one  or  n 


.  tube,    the   proembryo. 


Development  and  Structure  of  the  Seed 

The  embryo  is  developed,  for  the   most  part,  from  the  lowest 
cell  of  the  proembryo  derived  from  the  fertilised  egg  (Fig.  390).     It 


part  of  cmbiyO'Bac  *tnl  e^jig-appanti^a.    A,  Be-         h,  Hypophysis;  ii,  surp^hbot:  c,  mty- 
HyiiEI^die  ;  I,  pollen-tube  :  n,  tiucellus.    <m  fiW.)         insgntn«l,) 

is  represented  at  first  by  a  multicellular  sphere  tenninating  the  filif(Hin 
8USPENS0B,  and  becomes  differentiated,  generally  before  the  seed  is 
ripe,  into  a  radicle,  hypocotyl,  and  one  or  two  cotyledons.     There  are 
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cases,  however,  where  the  embryo  retains  in  the  ripe  seed  the  form 
of  an  undifTerentiated  sphere  (e.g.  Orobranehe,  Orckidaceae). 

The  number  of  cotyledons  developed  is,  as  a  rule,  constant  and 
furnishes  the  most  characteristic,  although  by  no  means  the  only  method 
of  distinguishing  the  two  divieiona  of  the  Angiosperms,  which  are 
accordingly  termed  Monocotyledons  and  Dicotyledons. 

The  embryo  shows  so  much  variation,  not  only  in  both  dinaions  of  the  Angfo- 
spemiB,  but  withio  the  different  families,  that  no  general  scheme  of  embryonic 
development  can  be  given.  In  many  Dicotyledons,  for  example  in  Captetla  burta 
paatorii  (Fig.  390),  where  the  development  of  the  embryo  is  particularly  easy  to 
follow,  the  end  of  the  proembryo  farthest  removed  from  the  micropyle  is  converted 
into  a  row  of  cells  by  the  formation  of  transverse  walls.  Thetenniual  cell  expands 
into  a  sphere,  and,  undergoing  division,  becomea  divided  into  octants.  Each  octant 
cell  is  further  divided  by  pcriclinal  walls  into  an 
outer  and  an  inner  cell.  The  outer  cells  farm  the 
epidennis ;  the  inner,  by  continued  division,  give 
rise  to  the  fundamental  tissue  and  the  vascular 
bundles.  The  upper  half  of  the  sphere  develops  into 
the  cotyledons  and  plumule,  the  lower  half  into  the 
hypocotjl  and  root.  The  root  is  derived  in  part 
also  from  the  hypophysis,  a  cell  resulting  from  the 
transverse  division  of  the  next  a4joining  cell  of  the 
suspensor. 

The  cotyledons  first  api>ear  as  protuberances 
from  the  upper  half  of  the  sphere.  The  plumule 
does  not  become  diiferentiated  until  later. 

In  Monocotyledons  the  single  cotyledon  is 
usually  developed  at  the  apex  of  the  embryo  (Fig. 
391) ;  but  in  some  cases  {Dioacoreaceae)  it  arises 
laterally,  as  in  the  Dicotyledons. 

Adventitious  bmbbyos  are  sometimes  pro- 
duced by  both  Dicotyledons  and  Alonocotyledons 
(e.g.  Furtlna  ovaia)  by  the  budding  of  cells  of  the 
□ncellus  in  the  neighbourhood  of  the  egg-appa- 
ratus. The  fertilised  egg,  as  a  rule,  does  not  then 
continue  its  development  (Fig.  21S).  In  the  caxe 
of  Coelebogyne,  adventitious  embryos  are  formed 
even  when  no  fertilisation  of  the  egg  has  taken 
place.  Seeds  in  a  ripe  condition,  which  contain  several  such  adventitious  embryos, 
afford  examples  of  poi,VEUBnvij:<v.  Ovules  provided  with  several  embryo- 
sacs  do  not  exhibit  polyembryouy,  as  in  that  case  only  one  embryo  attains  full 
development. 

During  the  development  of  the  embryo  a  parenchymatous  tissue, 
termed  the  endosperm,  is  formed  within  the  embryo- aac,  usually 
completely  filling  its  remaining  free  space  ;  tliis  arises  by  a  process 
of  multicellular  I'ormation  preceded  by  free  nuclear  division  (p.  66), 
or  by  repeated  cell-division.  In  some  species  of  plants  the  endosperm 
is  completely  disorganised  and  supplanted  by  the  growing  embryo ;  in 
other  cases  it  occupies  a  larger  or  smaller  part  of  the  ripe  seed. 


Innlago.  C.  Cotyledon  :  e,iaoyi- 
ng  pirinl.  {Atl«r  Hinstein, 
lingDihRcl.) 
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Seeds,  when  ripe,  consist  of  the  seed-coat  (testa  and  tegumen), 
embryo,  and  nutritive  tissue.  The  nutritive  tissue  is  not,  however, 
found  in  ail  cases. 

The  SEED-COAT  is  variously  constructed,  usually  hard  and  dry ;  it 
is  sometimes  invested  by  a  fleshy  aril  developed  from  the  chalaza 
The  NUTRITIVE  TISSUE,  or  so-called  ailrumen,  either  tokes  the  form  of 
a  perisperm  derived  from  the  nucellus  (Fig.  363),  or,  as  is  more 
frequent,  it  is  represented  by  the  endosperm.  A  seed  may  at  the 
same  time  be  provided  with  both  a  perisperm  and  an  endosperm. 
Both  tissues  usually  consist  of  a  thin-walled  parenchyma,  the  cells  of 
which  are  packed  with  reserve  material,  aleurone  grains,  starch,  fat, 
etc.,  to  serve  for  the  nourishment  of  the  embryo  (Fig.  392).     In  the 
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absence  of  special  nutritive  tissues  this  function  is  performed  by  the 
cotyledons,  which  then  exhibit  a  similar  structure.  Sometimes,  as  in 
the  endosperm  of  Fhj/ldephas  macrocarpa  (Fig.  393),  valuable  technically 
as  vegetable  ivory,  the  cell-walls  of  the  nutritive  tissue  are  enormously 
thickened;  they  consist  of  nearly  pure  cellulose,  and  are  converted 
during  germination  into  soluble  food  materials. 

On  GERMINATION  the  cotyledons  may  remain  within  the  seeds  in 
the  ground  (hvpocean,  e.g.  in  the  Pea),  or,  appearing  above  the 
surface  of  the  soil,  they  may  unfold  and  turn  green  (epigean,  e.g.  the 
Lupine).  In  the  latter  case  they  are  frequently  more  or  less  leaf-like 
in  character,  but  they  always  differ  in  form  and  structure  from  the 
ordinary  foliage-leaves. 
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The  Fruit 


The  fruit  ot  AngiospermB  has  a  more  varied  and  complicated 
structure  than  in  the  case  of  Gymnosperms,  whose  flowers  suffer  but 
slight  modiflcation  in  formation  of  the  frait. 

The  fruit  possesses  a  different  structure  according  as  it  ia  derived 
from  an  apocarpous  or  a  syncarpoua  gyncecium.  In  the  first  case  the 
ripe  carpels  are  separate  and  are  termed  FRtTlTS ;  in  the  second  the 
carpels  continue  united,  at  least  until  the  maturity  of  the  fruit.  A  fruit 
of  a  more  complicated  structure  occurs  when  other  members  of  the 
flower  than  the  gynoecium  take  part  in  its  formation.  Aggregated 
fruits  of  this  nature  have  been  already  described  (p.  433). 

That  part  of  the  fruit  enveloping  the  seeds,  consisting  sometimes  of 
the  carpels  alone,  sometimes  of  the  cai-pels  and  the  adherent  receptacle, 
is  termed  the  pericarp  or  fruit-wall.  The  pericarp  frequently 
appears  to  be  differentiated  into  zone-like  layers  of  tissue.  The 
outer  layer  is  then  termed  the  exocarp,  the  innermost  the  ENDOCARP, 
and  the  layer  sometimes  lying  between  them  the  UESOCARP. 

According  to  the  character  of  the  pericarp  and  its  condition  at 
maturity,  several  varieties  of  fruit  have  been  distinguished,  of  which 
the  following  are  the  most  important. 

I.  The  Capsule. — Fruit  with  a  dry  pericarp,  dehiscing  at  maturity. 
Most  frequently  the  carpels  separate 
from   one  another   by   longitudinal 

slite     (SEPTICIDAL      DEHISCKNCE),     or 

each    carpel   is  split   in    half    longi-    | 

tudinally  (loculicidal  dehiscence, 

Fig.  394).     In  more  rare  cases  the 

seeds   escape   through   pores   (fori-    ■"  ■" 

CIDAL  DEHISCKNCE,  e.g.  Papaver).  Fw.SM— Di»Kraii)m»tlrii«;t]on8ofc«pflol», 

The  following  distinctive  forms  jh^-^-^^W' (^)  "d  ioc»iL.id«r(fl> 
of  capsules  have  been  recognised. 

{a)  The  folucle,  consisting  of  a  single  carpel,  which  dehisces  along 
the  ventral  suture  {Faeonia,  Aamitum). 

(b)  The  le(;l'ME  or  POD,  consisting  of  a  single  carpel,  which, 
however,  dehisces  along  both  the  ventral  and  dorsal  suture  (Pea,  Bean, 
and  many  other  Leguminogae). 

{c)  The  siiJQUA,  consisting  of  two  carpels,  which  separate  at 
maturity,  leaving  a  persistent  partition  wall  (the  majority  of  the 
Crvciferae,  e.g.  Capsella  bursa  paMoris). 

(d)  The  PYXmiLM,  opening  at  maturity  with  a  Iid-like  valve 
(Jjtagallis,  Hyoscyamvs). 

n.  Dry  Indehiscent  Fruit. — This  type  comprises  fruits  with  a  dry 
pericarp,  which'  neither  dehisce  at  maturity  nor  break  up  into  separate 
carpels.  Indehiscent  fruits  with  a  hard  dry  pericarp  are  termed  nuts. 
An  indehiscent  fruit  containing  one  seed  and  having  a  leathery  pericarp 
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is  diBtinguiehed  as  a  CARVOPSIS  (GraBses)  if  the  pericarp  is  adherent  to 
the  seed,  if  not  it  is  termed  an  achene  (Composilae). 

IIL  The  Sehlzoearp  is  a  dry,  many-chambered  fruit,  in  which  the 
carpels  separate  from  one  another  at  maturity  without  dehiscing  {Um- 
helliferae,  Malva). 

IV.  The  Berry  has  both  a  juicy  endocarp  and  mesocarp  (Grape, 
Apple).  In  a  few  cases  fruits  of  this  type  dehisce  at  maturity  by  slits 
{Myrulkd),  or  become  irregularly  ruptured  {Ecballivm). 

V,  The  Stone-fmlt  of  Drupe. — The  pericarp  is  difTerenliated  loto 
a  soft,  generally  juicy,  exocarp  and  a  hard  endocarp  {Cherry,  Walnut). 
A  single  stone-fruit  may  contain  several  stones  (Rhamnus  caihartica). 
The  exocarp  is  sometimes  dry  and  spongy  (Coco-nut). 

Just  as  the  great  variety  of  form  displayed  in  flowers  has  been  a 
result  of  their  adaptation  to  a  particular  mode  of  pollination,  bo  in  fruit 
it  has  been  intimately  connected  with  the  manner  of  seed  dissemination 
(see  Dissemination  of  Seeds,  p.  291). 

The  Inflorescence 

The  flowering  shoot  frequently  bears  only  a  single  flower,  which 
may  then  be  either  axillary  or  terminal.  In  many  cases,  however,  the 
metamorphosis  of  the  generative  region,  which  results  in  the  production 
of  flowers,  has  led  to  the  formation  of  a  special  system  of  fertile  shoots 
termed  an  INFLORESCENCE  or,  after  the  fruit  is  formed,  an  infructes- 

CENCE. 

The  modifications  exhibited  by  the  fertile  shoots  of  such  an 
inflorescence  are  due,  partly  to  a  difl'erence  in  their  mode  of  branching, 
partly  to  the  reduction  or  the  metamorphosis  of  their  leaves.  These 
changes  are  the  result  of  an  adaptation  to  pollination,  in  the  endeavour 
to  aggregate  the  flowers  and  at  the  same  time  render  them  more  con- 
spicuous by  the  reduction  of  the  foliage-leaves.  Sometimes  the  whole 
system  of  fertile  shoots  is  converted  into  an  attractive  apparatus,  as  in 
the  Araceae,  where  the  axil  and  the  subtending  leaf  of  the  inflorescence 
have  assumed  the  function,  usually  exercised  by  the  perianth,  of 
enticing  insects. 

Viewed  from  a  purely  morphological  standpoint,  two  types  of 
inflorescences  may  be  distinguished,  the  botryose  (raceuose,  mono- 
podial)  and  the  cymose  (sympodial). 

L  Botryose  Inflorescences. — The  main  axis  bruichea  more 
vigorously  than  the  lateral  axis. 

A.    LATERAL  AXES  UNBRANCHED 

(a)  The  Raceme. — The  main  axis  is  elongated  and  bears  stalled 
flowers  (Fig,  395,  B). 

(b)  The  Sfikf. — The  main  axis  is  elongated  and  bears  sessile 
flowers  (Fig.  .^95,  C). 
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A  SPADix  13  a  spike  with  a  fleshy  axis ;  a  catkin  a  spike  which, 

after  flowering  or  when  the  fruit  is  ripe,  falls  as  a  whole  from  the  plant 

(c)  The  Umbel. — The  main  axis  is  contracted  and  bears  stalked 

flowers  (Fig.  395,  D). 


{il)  The  CAPiTULru. — The  main  axis  is  contracted  and  bears 
sessile  flowera  (Fig.  395,  E). 

B.    LATERAL  AXKS  BRANCHED 

(«)  The  Panicle. — In  the  panicle,  as  the  term  is  generally  used, 
the  main  axis  is  longer  than  the  lateral  axis,  the  whole  inflorescence 
being  correspondingly  elongated  (Fig.  395,  A). 

A  CORYMB  is  a  flattened  panicle  ;  an  ANTHF.LA  a  panicle  in  which 
the  lateral  axes  overtop  the  central  axis. 

IL  Cymose  Inflorescences. — The  lateral  axes  grow  more  vigorously 
than  the  main  axis  for  the  time  being,  and  farm  a  pseudaxis. 

(a)  The  MONOCHASIUM.— Each  relative  main  axis  produces  only 
one  branch. 

A  monochasium  is  termed  a  Helicoid  cyme  or  BOSTRYX  when  the 
lateral  branches  always  arise  on  the  same  side  of  the  pseudaxis 
(Fig.  396,  0),  a  scorpioid  cyme  or  cincinnus  when  they  occur 
alternately  on  opposite  sides  (Fig.  306,  B). 

(b)  The  DiCHASiUM. — Each  relative  main  axis  produces  two 
branches  (Fig.  396,  A). 

(c)  The  FleiochasiUM. — Each  relative  main  axis  produces  more 
than  two  branches. 

Cymose  frequently  resemble  racemose  inflorescences,  and  are  then 
termed  cymose  panicles,  cymose  spikes,  cymose  racemes,  etc. 

By  the  further  branching  of  an  inflorescence,  compound  inflor- 
escences may  occur  which  are  constructed  after  the  same  type  {e.g.  the 
compound  umbel  of  the  Umbelliferae),  or  consist  of  a  union  of  several 
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types  (e.g.  the  corymbs  of  AekiUaea  formed  by  an  aggregation  of 
capitula). 

An   infioreacence   is    also  usually   provided   with   more  or  less 


reduced  bracteal  leaves  or  hypsophylls ;  those  from  the  axil  of  which 
a  flower  or  flowering  shoot  springs  are  called  subtending  lkavesop 
BRACTS,  while  the  leaves  borne  on  the  stalks  of  the  flowers  are  desig- 
nated BRACTB0LB3  Or  PROPHYLLA. 


Honocotyledones 

Flowers  constructed  for  the  most  part  after  the  TRIHbrOUS,  penta- 
cyclic  type ;  seeds  usually  abund- 
antly provided  with  nutritive 
tissue ;  embryo  with  one  coty- 
ledon. Herbs  and  woody  plants 
with  CLOSED  and  usually  scattered 
vascular  bundles  (Fig.  397),  nearly 
always  without  cambium  ;  when 
a  cambium  is  present,  it  lies  out- 
side the  vascular  bundles.  Leaves 
^  commonly  with  PARALLEL  nerva- 
tion. 

The  embryo,  in  the  majority  of 
Monocotyledons,  is  small  in  com- 
parison with  the  albumen  (endo- 
sperm, rarely  perisperm).  It  con- 
•t  sists,  as  a  rule,  of  a  short  hypo- 
'  cotyl,  with  a  still  shorter  root  and 
a  relatively  lat^  cotyledon,  which 
on  germination  remains  wholly  or  in  part  enclosed  within  the  seed, 
and  exhausts  the  albumen  of  its  food  material. 


rio.  B»T.— TnuilvBiie  ■eotlon  or  Uie 
ZmUall.  cr,  Va«nlir  bundle.  (Fo 
AaKiipUoB  iw  p.  106  >nd  Pig.  121) 
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The  primary  root  dies  prematurely  and  is  replaced  by  adven- 
titious roots,  which  usually  live  but  a  short  time,  and  are  in  turn 
superseded  by  others  developing  successively  higher  and  higher  on 
the  stem.     The  roots  are  generally  unbrancbed, 
and  exhibit  secondary  growth  in  thickness  only  ' 

In  the  few  cases  when  a  cambium  is  present  in 
the  stem. 

The  stem  of  most  Monocotyledons  is  simple ; 
when  braDching  does  occur,  it  rarely  results  in 
the  formation  of  a  profusely-branched  crown  (with 
respect  to  the  disposition  and  structure  of  the 
vascular   bundles   of  the  stem,   see   p.    102  ;  for 
occurrence  and  description  of  secondary  growth, 
p.  138).     The  leaves  are  always  devoid  of  stipules,  J'"-  bwb— "i^ktshi  or  ■ 
and,  in  the  majority  of  cases,  alternate,  arranged       uo^  Bo™.'™"'''"' 
in  two  or  three  ranks.     They  generally  have  a 
well-developed  sheathing  leaf-base,  are  without  stalks,  and  are  lineal 
or  elliptical  in  shape  and  parallel-nerved,  although  leaves  otherwise 
constructed  not  unfrequently  occur  (Fig.  399). 

The  structure  of  Monocotyledonous  fiowers  may  be  traced  back, 
in  almost  every  case,  to  the  trimerous  pentacydic  type  (Fig.  398). 
It  may  accordingly  be  Inferred  that  the  flower  of  the  ancestral  form 
was  actinomorphic,  and  composed  of  five  alternating  trimerous  whorls, 
each  whorl  consisting  of  similar  members. 

This  type  has  been  retained  unchanged  in  many  Monocotyledons ; 
in  others,  modifications  have  occurred  in  the  course 
of  their  phylogenetic  development,  resulting  some- 
times in  a  transition  from  an  actinomorphic  to  a 
zygomorphic  or  asymmetrical  structure,  sometimes 
in  a.  reduction  in  the  number  of  members  in  the 
whorls,  less  frequently  in  an  increase.  The  more 
important  of  these  deviations  from  the  usual  type 
will  be  noticed  in  detail  in  the  descriptions  of  the 
single  families. 

The  perianth  is  not  usually  differentiated  into  a 

calyx  and  corolla  ;  it  is  small  and  inconspicuous  or 

large  and  highly  coloured  according  to  the  mode 

,  of   polhnation,   whether   effected  by  the   wind   or 

I  insects.     In  a  few  cases  of  entomophilous  polllna- 

p.r»ii«i    iBnMtion.  jJQj,  jjig  perianth  remains  insignificant,  and  other 

"""  parts   of    the   plant   assume   the   function   of   an 

attractive  apparatus. 

The  MonocotfledonB  are  divided  into  tlie  foUoniDg  orders ;  LiliifioToe,  Enan- 
Habladat,  Spadieifi<frae,  Qlumifiorae,  Htlobiae,  Scitamiiuae,  QyrtandTaf.  These 
orders  do  not  oonstitut*  a  contiliuouB  series,  beginuing  with  the  most  primitive 
fomu  and  sticcesaivel;  ascending  to  those  more  highly  developed,  but  represent 
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rather  »  group  of  isolated  branches,  of  wMch  the  common   stock  has  become 

The  Scitamineae  and  Gynandrae,  the  most  highly  developed  of  the 
Monocotyledons,  have  probably  arisen,  however,  from  the  LiUifiorae. 
Many  things  seem  to  indicate  that  the  primitive  Monocotyledons  were 
grass-like  and  adapted  to  wind-pollination  ;  in  particular,  the  circum- 
stance that  the  simplest  representatives  of  several  of  the  ordera  possess 
such  a  form,  while  the  orders  Sdlamineae  and  GynaiidrM,  in  which 
this  is  not  the  case,  are  manifestly  of  later  origin. 

Order  1.  LUllflora« 

Type. — Flower  hypo-  or  epigynous,  actinomorphic,  rarely  slightly 

zygomorphic,    always  with   a  perianth   consist- 

•  itig  of  complete,  fully-developed  whorls:  P3 -f- 3, 

^Tt^^i:^^^        A3  +  3orA3,  G(3).    Ovary  th  re  e-locular.    Ovules 

ffn^-OJn%       anatropotis   or    campylotropous,    rarely    atropous. 

1/      fH^      U       Endosperm  always  present,  enclosing  the  embryo. 

H  '^S^^  I'  In  the  majority  of  the  LiUifiorae,  the  flowers 

exhibit  the  typical  Monocotyledonous  form  (Fig. 

400),  and  are  actinomorphic,  with  five  trimerous 

wliorls,  the  members  of  each  whorl  being  similar. 

The  slight  zygomorphism  displayed  by  some  of 

.ra.«u.-i.«g™u  ™  Lu-   jijg  iorms  is  occasioned  by  the  one-sided  curvature 

jig,^  of    the    stamens.      The    only   essential    deviation 

from  the  Monocotyledonous  type  is  restricted  to 

a  few  families,  and   consists   in  the  suppression  of  a  whorl  of  the 

andrcecium.     The  suppression  of  single  members  of  the  whorls  does 

not  occur. 

In  some  genera  thu  whorls  sre  composed,  instead  of  lliree,  of  two,  four,  or  five 
membera.  These  varistiuns  are  due  Qeither  to  reduction  nor  to  splitting,  and 
are  attributable  to  dilferencea  existing  in  the  very  rudiments  of  the  orgoos.  The 
number  of  members  in  the  whorls  may  vary  even  in  the  same  species,  e.g.  in  Farii 
guadri/olia,  which,  in  addition  to  the  usual  tetramerona  flowers,  not  unfrequently 
produces  otliers  constructed  on  the  plan  of  Sve  or  sir. 

The  LUiifiofm  are,  with  few  exceptions,  hei'bs,  in  which  the  sub- 
terranean parts  often  take  the  form  of  perennial  rhizomes  or  bulbs, 
while  the  aerinl  siioota  usually  die  after  the  ripening  of  the  seeds.  In 
only  the  simplest,  aj^rently  oldest,  grass-like  fonnB  are  the  flowers 
inconspicuous  and  adapted  to  wind-pollination;  otherwise  they  are 
lai^e,  beautifully  coloured,  solitary  or  aggregated  into  loose  inflor- 
escences. 

The  ditferences  between  the  families  are  not  uniformly  constant ;  on  the  con- 
trary, in  some  of  tlie  species  of  almost  every  family,  characteristics  distinctive  of 
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numlMr.     Similailj,  id  nearly  every  family  tranaitioiial  forms  are  found  which  link 
the  different  alliances  together. 

or  &11  th«  familieB  of  the  LilUJlorae,  the  Juaeaeeae  probably  resemble  most 
clearly  the  primitive  type.  From  primitive  forms,  similar  to  this  (^ily,  have  arisen 
on  the  one  side  the  Liliaeeat  (some  of  the  representatives  of  which  still  possess  a. 
gross-like  character),  and  on  the  other  side  the  Otumifiorae.  Most  of  the  other 
LiliiftoTot,  e.'j.  the  Amnryllidaaaf  and  IridiKtae,  are  probably  descended  from 
the  Liliaeeat,  aa  well  as  the  orders  Gynandrae  and  ScxtamintiK,  but  in  these  meta- 
morphosis and  reduction  have  advanced  further. 

Family  Juncaceae. — Flowers  hypc^ynous,  hermaphrodite,  with 
OLCMACEOUS  perigone  ;  pollen  in  tetrads  ;  ovary  three-  or  four-locular ; 
three  long  papillose  Btigmas,  endosperm  mealy  ;  GRASS-LIKE  plants  (Fig. 
401). 

On  account  of  their  similarity  to  Grasses,  the  Juncaceae  are  oft«n 
classified  with  the  Glumijlorae,  although  in  the  structure  of  their 
flowers  they  agree  essentially  with  the  LUi' 
acme,  their  points  of  disagreement  being  for 
the  most  part  due  to  their  different  mode 
of  pollination.  In  the  Juncaceae  pollination 
is  effected  by  the  wind ;  their  flowers  are 
correspondingly  inconspicuous  and  provided 
with  dry  pollen  and  ]&rge  papillose  stigmas. 
The  inflorescences  are  variously  constructed 
and  of  different  types.  The  fruit  is  a  ca{>- 
■  sule.  In  the  genus  Juncus  (Bog-Rush)  the 
capsules  are  many-seeded  ;  in  Lviula  (Wood- 
Rush),  three-seeded. 

Geographical  Distribution. — The  Juji- 
taceae  grow  in  the  temperate  and  cooler  zones 
of  both  hemispheres. 

Faroily  LiUaceae. — Flowers  hypogynous  ; 
perigone  corollaceous  ;  six  stamens ;  seed 
with  endosperm,  which  is  either  oily  or  con- 
sists lai^ely  of  cellulose  (Figs.  402-405). 

Most  of  the  Liliaceae  are  succulent  herbs 
with  perennial  bulbs  or  rhizomes ;  the  species 
of  Aloe  and  DriKoena,  however,  are  in  part  "" 
shrubs  or  small  trees.  The  leaves  are  not  segmented  into  stalk  and 
lamina,  and  are  usually  narrow  in  proportion  to  their  length,  undivided 
and  rarely  toothed  {e.g.  some  species  of  Aloe).  The  nowers,  which  are 
often  large  and  conspicuous,  are  solitary  and  terminal,  as  in  the  Tulip, 
or  are  aggregated  in  clusters,  like  the  Hyacinth,  less  frequently  in  pro- 
fusely-branched and  complicated  inflorescences.  They  are  adapted 
to  insect-pollination  and  are  provided  with  means  of  enticement,  such 
as  white  or  highly-coloured  perigone  leaves,  sweet  perfume,  nectaries, 
etc.     The  fruit  is  a  capsule  or  berry. 
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Sub-Familibs  and  Bep  behest  ATI  vb  Gekbba.— (1)  MelatUhoideiu.  Thrte 
styles,  septicidal  capsules ,-  VercUrum  ;  Colchieam  ;  Satadilla.  (2)  Lilioidea.  Oh 
style,  lociilicidal  capsules ;  Talipa,  Lilium  (with  s  nectary  groove  in  each  perianth- 
leaf)  ;  Hyaeinlhut ;  ifuieari;  OmitAogalum  (Fig.  402);  Seilla  ;  Urgiwa  ;  AtliKa, 
bulbous  plsDts  with  radicn]  leavea  aod  compouod  bostrychoid  inflorescences ;  Atat. 
(3)  Aiparagoideae,  without  bulbs;   fruit  a  beny ;  Potygmtalam ;  ifaJanHemvm, 


put  of  jwrlgope  siid  iniintciiim  rpmoved  ;  il,  frnit;  i,  fruit  in  traniitrM  utXim:  f). 
Coldiicum  nnlininnlt :  f,  n-alt  in  trHiiMvfiree  nectioii;  u,  >«tloii  Uirongh  Hert  showiiig  nulo- 
spenn  (<■).    O'-n  insgnlflprl.) 

ttitb  dimerous  flow.*  fuiirnitari'i ,  l\irU ,  A'paroffui,  with  Dsedle- shaped,  le»B«* 
branohcM ,  Smilax ,  Dracaena,  dlchotoniously  branching  trees  with  secondATV 
growth 

Gfoubaphical  Distbibvtion  — Members  of  the  large  !tmi\y  Liluuxat  srefonKl 
widely  distributed  in  all  ^uta,  jet  a  preference  suems  to  be  shown  for  lb*  dfj 
Harmtr  purts  of  the  Teuilwrate  Zone  Numerous  spucies  arc  found  in  fields  and 
meadows  of  the  Miditerranean  countneB  Jtembers  of  this  family  occur  in 
[irofusion  in  South  Africa,  where  during  the  short  spring,  in  comjNinr  with  otliet 
bullious  and  tuberous  \ilanti  {Indaceiie,  Amariilluiacfai;  Orehid^aat),  they  co^" 
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Meadow  Saffron  (Fig.  403).     It  |«S£»»sea  a 

BObterranean    tuber,    which    gives    rise    to      'o.  *h.—     ri»7»    ly  io(,  nat  bim).— 

the  rose-coloured,  funrH^l-sliaped  flowers  iu 

August  or  September,  followed  in  the  succeeding  spring  by  the  leaves  and  fruit ; 

at  other  aeasona  of  tJie  year  the  plant  e:<ists  only  in  tlio  form  of  a  tuber.     Tbe 


,  Coogic 


iruit  13  s  trilociilar,  many-eeeded   capgale.     The  whole  pUnt,  puticularly  the 
tubers  and  seeda,  coobuUB  a,  Urge  pet' 
f   centage  of  the  poisonous  alkaloid  col- 
chicin.      VeraiTMm  albam  is  a  profuBelj 
leaved,  tall  herb  growing  in  meadonre  in 
3,  with  a  fleshy,  per- 
ennial   rhizome  ;  the   nutaerouB   green, 
oripetaloua    flowers    are    aggregat«d 
to  a  termiDal,  pyramid-ahaped  panicle. 
The  poiBOBOUs  properties  of  the  plant 
D  the  presence  of  veratroidin 
and  jerria.       Parit  qaadrifolia.   Herb 
Paris   (Fig.    101),   is   an   hefb    with    a 
single    whorl    of    four    leaves.       Each 
plant   produces  one  terminal  tetramer- 
ous     flower     of     a     greenish     colour, 
from   which   the  fruit,  a  black  berry, 
develops.     The  toxic   principle  in  this 
case  is  paridin.     The  Lily  of  the  Valley 
{Convallaria  majali)),  the  bulba  of  the 
Tulip    ITulipa)    and    of    the     Crown 
Imperial    {FritiClariii    imperialia)     are 
ir  less  poisonous. 


Officinal.  ■ 
yields    Semeh 


Vkiiai 


-Colthieam   autumiiale 


(grass- 
like, small' 
leaved  bulbous  plants  of  Central  America  and  Vene- 
zuela) ;  Veratrinum.  Aloe  is  derived  from  the  evapor- 
ated sap  of  the  leaves  of  South  African  Alut  species 
(herbs,  shrubs  or  small  trees  with  fleshy,  often  serrate 
leaves  ;  inflorescence  a  loose  raceme  with  leafless  or  scaly 
axis ;  perigone  leaves  united  into  a  tube,  Fig,  405). 
Vrginea  maritiina  (Mediterranean  bulbous  plants 
with  leaiy  stalk,  temynatibg  in  a  raceme  of  white 
rtowers)  yields  Bulbus  Scii.lae  [Squill).  RadikSarsak 
or  Sarsaparilla  is  procured  from  Central  American 
species  of  Smilax  (fjr  the  most  part  prickiy  plants  climb- 
ing by  tendrils  ;  lowers  dicccious,  greenish  ;  ovules 
atropous).  ] 

Family  AmarylUdaoeae. — As  in  the  LUiaceae, 
except  that  the  flowers  are  epigynous  (Fig, 
406). 

Herbs,  usually  bulbous ;  very  similar  to  the  LUiacme 
ance  and  mode  of  life. 
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Rbphesbntativb  Genera. — JfarctMut,  with  a  coron«or 
from  the  andneoium  ;  OalaTUJiua ;  Leacojwm ;  Agave,  re- 
sembling the  Aloe  in  appearance. 

GeooraphicalDistribution.— The  same  aa  the  it/ia4«oe. 
The  Agave  Avterieana  from  Mexico  ha«  grown  wild  in  the 
neighbourhood  of  the  MediterrsnesQ,  and  h&3  now  become  a 
characteristic  plant  of  that  region.  Oalanihitt  nivalis.  Snow- 
drop ;  Leucojum  •eemum,  Snowflake  ;  Namtaua  poeiicut  and 
N.  pttvdonarciism,  etc.,  are  familiar  cultirated  plants. 

Family  Iridaceae.  —  The  inner  circle  of 
STAMRNS  IS  SCPPRESSKD,  Otherwise  similar  to  the 
AmaryUidacfoe  (Figs.  407,  408). 

The  Iridaceae  are  herbaceous  plants  with  rhiz- 
omes, rarely  with  bulbs ;  they  are  very  similar  to 


the  two  preced- 


W.—tTU  fomHna 
'.  etlgnutic  branch 
KttOD.— Ow/e/A-jt 


'^jQOgk' 


ing  families,  but  frequently  haye  narrow,  two-rsnked,  equitAnt  leayes. 
The  flowers  are  usually  large  and  showy ;  the  fruit  is  a  loculicid&l  capsule. 

REPREaEHrATiVB  Genbba. — Irit,  with  rhizome,  and  equibuit,  sword-sh&ped 
leaves  and  petaloid  stigmae  ;  Croeut,  with  tuberous  rhizome,  and  liaear  leaves  (not 
equitout) ;  Oladiottis,  with  zygomorphic  floweTB. 

Oboobaphical  Distribution. — Like  the  Liliaaae,  the  Iridaceae  are  particnhu'ly 
nbundant  in  Southern  Africa.  Various  ap«ciea  of  Irit,  Croaa,  Gladiolua  are  culti- 
vated as  ornamental  plants. 

OffIcixal. — IrU  germanica,  I.  pallida,  and  /.  fiorentina,  all  MediterraneaD 
species,  supply  Orris  Hoot,  Rbizoha  Iridis.  The  stigmaH  of  Croeat  tativa* 
(cultivated  in  different  localitiea  in  the  East]  yield  Saffron  or  Cbocvb. 

To  ths  LiliijiBTae  belong  also  the  following  families : — Diottoreaceat,  Yam 
family,  dicecious,  small- flowered,  twining  plants  which  differ  only  in  habit  from 
the  AmaTyllidactat.  Maetnodoraceae,  Blood  wort  family,  differing  from  the 
Aiaaryllidactat  in  the  auppression  of  the  outer  nhorl  of  the  andrtEcinm. 
Bromeliaetae,  Pine-Apple  family,  for  the  most  part  epiphytic  herbs  with  stiff, 
sword-shaped  leaves  fonning  a  roaette,  fkt>m  the  centre  of  which  springs  a  Bower- 
stalk,  in  most  instances,  with  red  bracteal  leaves  and  flowers  aggregated  into 
compact  racemes.  The  perianth  is  differentiated  into  calyx  and  corolla.  The 
Brameliaeeae  all  grow  in  America,  chiefly  in  the  Tropics,  where  they  live  portly  as 
epiphytes  on  trees,  and  partly  terrestrial  in  the  clefts  of  rocks.  To  the  latter 
class  belongs  Ananana  lativa,  whose  inflorescence  constitutes  the  fruit  fainilisrly 
known  as  Pine-apple. 

Order  2.  Enantioblastae 


Flowers  b;pogynous,  often  reduced  ;  ovules  atropous  ;  embryo  lying  ont- 
side  of  the  mealy  albumen. 

The  EnarUiMastat  are  grass-like  or  herbaceous  plants,  with  small  inconspicuous 
flowers,  constructed  according  to  the  regular  Monocotyledonous  type  or  more 
or  less  reduced,  and  usually  aggregated  in  compact  inflorescencea. 

This  order  inhabits  principally  the  Tropics  and  the  Southern  Hemisphere.  It 
comprises  chiefly  the  families  CentrolepidMeae,  BatiacoK,  £riocaulaceae, 
Xyridaeeae,  and  Commelinattae,  Some  Commelinaceae,  especially  various  species 
of  TradeacajUia,  are  cultivated  as  ornamental  plants. 

Order  3.  Spadiclflorae 

Flowers  hypogynoua,  usually  diclinous,  actinomorphic,  fre- 
quently REDUCED.  Inflorescence,  a  spadix  or  compound  spike, 
WITH  ONE  OR  MORE  SPATHES  (large  sheathing  bracts)  at  the  base. 

The  Spadidjlora^  comprise  herbaceous  and  woody  plants  of  dis- 
similar appearance  but  with  inflorescences  of  uniform  structure. 
While  in  the  L&iifiorae  the  flowers  are  either  solitary  or  loosely 
aggregated  in  small  numbers,  so  that  each  flower  retains  its  individual 
prominence,  in  the  SpadidJUirae  they  are  only  subordinate  members 
of  a  compact,  highly  organised  inflorescence  which,  when  the  spathe  is 
corollaceous,  is  commonly  mistaken  for  a  single  flower  {e-g.  Calla, 
Richardia  aethioptca).      In   accordance  with  the   inconspicuous   part 
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played  by  the  individual  flowers,  they  are  frequently  reduced,  par- 
ticularly as  regards  the  perianth,  whose  function  is  assumed  by  the 
axis  and  sheathing  bracts ;  sometimes  a  reduction  also  occurs  in  the 
andrcBCium  and  gynoecium. 

Many  species  are  pollinated  by  the  wind,  and  these  possess  incon- 
spicuously coloured,  though 
oft«n  enormous  inflorescences. 
In  most  species,  however,  the 
inflorescences  are  adapted  to 
in  sect- pollination.  The  spathes 
and  free  parts  of  the  axes,  but 
not  the  individual  flowers,  are 
in  such  cases  equipped  with 
enticing  colours,  and  serve  as 
organs  of  attraction. 

Family  Palmae.  — Flowers 
of  the  regular  Monocotyiedonoua 
type  or  with  reduced  gynoe- 
cium ;  a^regated  in  profusely 

BRANCHED  INFLORESCENCES, 

which  are  provided  with  seve- 
ral SPATHES.  Woody  plants 
with  unbranched  stems  and 
pinnate  or  polmately  divided 
leaves  (Figs.  409-411). 

The  vegetative  organs  afTord 
the  most  characteristic  means 
of  distinguishing  the  members 
of  the  family.  The  simple 
(branched  only  in  Hypkaate  the- 
baica)  cylindrical  stems  bear  a 
rosette  of  large  pinnate  or  pal- 
mately  divided  leaves  at  the 
summit,  which  gives  them  a  dis- 
tinctive appearance  (Fig.  410), 
easily  recognisable  and  charac- 
teristic of  only  a  few  other  pia.  4l».-a,  Innoroceiiw  of  WrjwM  UTTFU,  gteaUy 
plants  (Tree-FemS,  and  Ct/Ca-  reduced  ;  i,  Imiich  or  IHb  inaorescence  of  Cora. 
linffnA      A  fniv  nnwion  n.™  lianp  nucilrra.  with  a  fonisLp  flower  below,  enil  jiialo 

atuxae).    a  lew  species  axe  iiane-       flo».p„|,bo«    (An*r  Drddk  in  s«l  /v^i«««- 
hke  in  form  and  mode  of  growth       famii,«,  i  nat.  siip.) 
(e.g.  Calamus).     The  leaves  are 

not,  like  true  compound  leaves,  divided  in  their  early  stipes ;  they  are, 
on  the  contrary,  first  developed  as  entire  plicate  leaves,  which  ulti- 
mately become  slit  into  segments  by  the  subsequent  death  and  rupture 
of  the  tissue  at  the  edges  of  the  folds.  The  inflorescences  (Fig,  409) 
are  generally  axillary  and  hang  down  below  the  leaves ;  in  the  cases 
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where  they  are  terminal  the  tree  dies  after  the  Beeds  ripen.  In  their 
early  stages  the  inflorescences  are  entirely  enveloped  by  the  spathes, 
but  the  flowering 
spikes  eventually 
protrude  and  bear 
numerous  small  flowers 
of  an  inconspicuous, 
usually  yellowish,  col- 
our. Pollination  is 
effected  by  the  wind 
or  by  insects.  The 
fruit  is  apocarpous  or 
syncarpous;  sometimes 
a  berry,  as  in  the  case 
of  the  date  ;  some- 
times an  indehiscent 
fruit  or,  like  the  cocoa- 
nut,  a  drupe.  From 
one  to  three  seeds  are 
produced  in  an  ovary. 
The  eudosperm  is  often 
hard  and  bony  in 
consequence  of  its 
Btronglythickenedcell- 
walls. 

Gbookaphical  Distri- 
BttTioy.— The  Palms  grow 
chiefly    in     the    Tropics. 


Only  &  fev  species  thrive  in  tlie  warmer  coDutries  or  the  temperate  tones,  e.g.  the 
Dwarf  Palm,  Ckamatropi  humilii,  of  aouth  Europe,  and  the  Date  Palm,  Phofttix 
dadylifera  (Fig.  410),  cultivated  to  a  large  extent  in  the  oasea  of  the  Sahara.     On 
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tbe  other  liand,  Palms  in  a  wild  or  uncultivated  Htate,   and  displaying  a  great 
TBTiety  of  forni  and  size,  constitute  tlio  most  charocteriatic  feature  of  nearly  all 
tropical  countries.     There  the  Coco-nut  Palm,  Cocv3  nuciftra,  the  most  important 
economic  plant  of  the  Palm  family,  ia  found  growing  everywhere  in  tlie  neigh- 
liaurhood  of  the  coast,  either  solitary  or  gregariously,  in  forests.     The  cocoa-nut 
(Fig.  411)  is  a  gigantic  drupe  witli  a  spongy,  fibrous  exocarpand  a  hard  endocarp  ; 
the  single  seed  consists  of  a  thin  seed-coat  and  a  large,  hollow  fatty  endosperm,  in 
which  the  small  embryo  ia  embedded.     Arcca  CaUchu,  ttie  Betel  Palm,  towers 
above  all  tbe  villages  of  the  East  Indies,  with  its  slender,  usually  straight,  lofty 
stem  surmounted  by  a  small  crown 
of   emerald-green    leaves.      Other 
Palms  are  cultivated  for  tiie  sugar 
or   wine   they    yield,    or   as  orna- 
mental trees.  In  theopenSavaunas, 
Palms  growing  singly  or  in  small 
woods  are  of  frequent  occurrence. 
lu  the  primeval  forests,  the  species 
with   tall   stems   grow  apart  from 
Gael)  other,  in  the  midst  of  ati  under- 
growth    of    smaller    forms,    while 
thorny   Palm-lianes  twining  from 
tree  to  tree  form  an  impenetrable 
jungle.      Very   few   Palms   are   of 
special  value  commercially.   In  addi- 
tion to  theCocoand  Date  Palms  may 
be  mentioned  Elaeia  g^ineeasis.  the 
African  Oil   Palm,  the  oily  mesu- 
carp  of  whose  fruit  yields  palm<oi1  ; 
Phytcltphas   inacroai'iya,  of  wbicli 
the  hard  endosperm   is  known  as 
vegetable    ivory    [Fig.    393) ;    and 
Calamus,   the  stems  of  which    are 

Officinal.  —  ^eea  Cateclm 
(East  Indies)  yields  Skmkn'  Akklae  ; 
Cocoi  nuiH/tm,  Oleum  Cocoh. 

Family  Araceae. — Flowers 
often  GREATLY  REDIJCED ;  in- 
tloreacetice    a    aim  pie   apadix 

with  a  SINGLE  uaually  corol-  rio.4i-2.-.jr„mm.r(i(;irum(in»i.»iie;.- 

laceons  spathe.      Herbs,  rarely 
woody  plaiita,  with  simple  or  compound  leaves  (Figa.  412-414), 

The  leaves  of  the  Ay:iceae  are  usually  divided  into  stalk  and 
lamina  ;  they  are  frequently  hastate  in  shape  and  generally  reticiilately 
veined.  The  inflorescence,  which  is  characteristic  of  the  family,  con- 
sists of  a  fleshy  spadix,  the  axis  of  which  frequently  terminates  in  a 
naked  coloured  prolongation  such  as  occurs,  for  example,  in  Anifii 
maaUatum  (Figa.  412,  413),  where  it  has  the  form  of  a  purple  club. 
The  enveloping  spathe   is   also  often   showily  coloured  ;   sometimes 
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snow-white  {e.g.  Richardia  oflhioptra),  but  more  frequently  pmple  or 
brown,  and  in  that  case  the  inflorescence  often  emita  a  carrion-like 
stench  attractive  to  the  insects  by  whose  aid  pollination  is  effected. 
The  fruit,  with  few  exceptions,  is  a  berrj". 

CrEOcnAPMiCAL  DiSTRLBiTiON.— The  Araceac  Me  found  alnioat  exclusively  in 
the  Tropioi,  where  thej  inelude  niunerous.  often  extremely  grotesque,  fomie,  nbicli 
Lave,  not  unfreiuently,  a  gigantic  size  and  constitute  a  very  large  Jiart  of  tlie  her- 
bnceouB  Flora  of  the  primitive  forests.  Many  species  are  terrestrial,  gi'on'ing 
giegarioualy  in  the  dee)>  sliode  of  the  woods,  wltile  others  climb  by  means  of  serial 
mota  to  the  t(i[is  of  thi-  trees,  or,  as  ei'lpbytes,  form  large  ne.itlike  gioivths  on  their 


Ofiiiix.ii..    (Aft.T  Wowiniji,) 

brauclii's.  The  most  remarkable  of  all  the  Ai-areae  is  Avierph-qiliallua  lilaiium,  an 
herb  found  in  Wcstcin  SuiuatTU  ;  it  atlains  a  height  greater  than  that  of  a  man, 
(levelojiing  eaonnous  tubers,  and  a  jiurple  spadix  nearly  J  J  m.  high.  Several  species 
of  Araceiic  are  cultivated  an  ornamental  plaiitu,  e.g.  Jlirhirrdia  nclhioirica,  the  so- 
called  Calla  Lily,  and  the  root-climher  ilim^Ura  dclirioia. 

Piilsusors. — Most  of  the  Arareac  are  poisonous.  Arum  uiaetilaiuin  (Figs.  412, 
413],  a  tuberous  lierb  growing  in  ivoods,  lias  a  fev  hastate  leavea,  frequently  with 
brawn  s]>ots,  a  greenish  sjrathe  and  a  Htshy  B]«dix  terminating  in  a  naked,  pnrple 
club-shaped  prolongation.  The  flowers  are  inonwcious;  the  female,  at  the  base  of  the 
siKulix  ;  the  male,  forming  a  smaller,  separate  group  above ;  while  still  higher  op 
oiv  the  spadix  are  a  few  sterile  flowers.     In  Ciilla  jialuslris.  Water  Arum,  a  rare 
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plant  grovring  in  bogs   and  swtmp;  pl&cee,  tlio  spathe  U  white  on   the   upper 
aarface  and  envelops  a  apadix  completely  beset  with  hermaphrodite  flowers. 

Offioikai.— From  Aronit  Calamta,  Sweet  Flag  (Fig.  414),  a  manih  plant  with 
creeping  rhizome,  narrow  leaves,  and  greenish  inflores- 
il  eentes  of  hermaphrodite  flowers,   Rbizoha  Cai.ami   is 

obtained. 

Family  Lemnaceae. — Greatly  reduced  Ara- 

^^e.     Flowers    moncecious,    NAKED ;    the    male 

^-         consisting  merely  of  one  stamen ;    the  female, 

similarly,  of  a  single  carpel.     Inflorescence,  a 


spadix  formed  of  three  flowers,  two  male  and 
one  female,  invested  with  a  Bpathe.    Small,  FREE- 

HWIMMING,    DISC-UKE,    LEAFLESS    WATER-PLANTS 

(Figs.  415,  416). 

^"'navn-'f!"tMX^'  t ■  '^''® 8'^'' ^'^K*'**''^  *^J "^ ^^^  Duckweed  ba^ usually 
r(,  roirt,.l«ck<L  (A«-r  been  regarded  as  a  system  Of  Baked  leaf-like  axes  ;  mort 
HwELHuiEB.  iiiagninH.)    recently  it  has  been  asserted  tliat  it  coaaists  eioeutially 

of  leaves. 
Gbnera.— :^Vorfe(a,  Lemna,  Wo/^  (without  roots). 

Geoobaphical  DiSTRiDiiTiON. —Duckweed  is  found  everywhere  in  quiet  or 
stagnant  water. 

The  following  families  are  also  included  in  the  order  Spadirifioriu:  .—FimdaiuKCae. 
Tropical  trees  borne  on  atilt-like  roots  ;  leaves  sword-slialied,  inflorescence  a  lai^ 
8l«di3C  CydaaVuicae :  tropical  lianes  and  shrubs,  ofteu  resembling  Palms  but 
bearing  many-seeded  berries.  Spaj-ganvwc  and  Typknaae ;  gross- like  niarah- 
plants,  the  latt«r  posseswng  thick  brown  cylindrical  infloroeoences,  Siiarganimn  and 
Typha  ai'e  represented  in  Germany. 


Order  4.  OlutnlftOFae 

Flowers  hypogynous,  hermaphrodite  or  unisexual,  naked  or 
WITH  REDUCED  PBRIGONB ;  ovary  Unilocular,  containing  ONE  OVULE ; 
inflorescence  with  many  small  flowers,  and  numerous  glumaceous 
BRACTS.  For  the  most  part  herbs  with  LINEAR  parallel-nerved 
leaves. 

All  the  Qlumifiwae  have  a  grass-like  appearance,  i.e.  they  are 
herbaceous,  rarely  woody  plants,  with  narrow  pointed  leaves,  and  have 
inconspicuous  inflorescences  bearing  small  flowers  and  numerous  scale- 
like bracts.  The  bracts  are  dry,  green  or  brownish  hypsophylls, 
in   part   sterile  and   to   some  extent  serving   as  subtending  leaves 
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to  the  lateral  axes  and  flowers.  They  usually  constitute  the  most 
noticeable  part  of  the  inflorescence,  particularly  when,  as  in  many  true 
Grasses,  they  are  prolonged  into  an  awn  (arista).  The  inconspicuous 
colour  of  the  inflorescence,  the  gentle  swaying  movements  of  the  anthers 
pendent  from  the  long  filaments  hanging  down  between  the  bracts,  the 
abundant  dry  pollen,  and  the  well -developed  papillae  on  the  large 
stigmas  are  all  directly  correlated  with  the  wind-pollination  common 
to  all  Glumifiorae  (Fig.  421). 

As  in  most  thick  amall-flowered  inflorescences,  the  individual 
flowers  of  the  Glumifloi'oe  are  simply  constructed,  evidently  in  this  case 
in  consequence  of  mluction.  In  none  of  the  flowers  of  this  order  is 
the  regular  Monocotyledonous  type  presented  in  an  unmodified  form ;  in 
:Ui,  at  least  one  or  the  other  of  the  whorls  is  entirely  suppressed.  The 
perigone,  no  longer  exercising  its  protective  oflice,  now  assumed  by  the 
bracts,  consists  only  of  bristles,  or  is  altogether  absent.  The  andrte- 
cium  has  sometimes  all  the  six  stamens,  but  usually,  by  the 
suppression  of  the  inner  whorl,  it  is  reduced  to  three  ;  the  gyncecium 
may  also  possess  the  full  number  of  three  carpels,  although  generally 
only  two  are  present.  In  most  cases  a  dry,  indehiscent  fruit 
(caryopsis)  is  produced,  with  one  seed  containing  a  raealy  albumen. 

A  simiisr  grasa-like  habit  is  shown  by  other  Monocotyledons,  especially  by  the 
JumiKetie.  Typ/ia/xae,  Sparganiaceae,  which  were  on  thnt  aoooimt  fonnerly  regarded 
as  the  nearest  allies  to  the  Grasses ;  the  structure  of  their  Sowers,  however,  hae 
assigned  them  to  another  position  in  the  system  of  clasaificatioD.  Of  the  two  families 
now  forming  this  order,  the  Cyptraceae  have  suffered  less  redaction  in  the  structure 
of  their  Howere  than  the  Oi-aiitiiuae.  The  latter  do  not  appear  to  have  been  derived 
from  the  Ot/perareae  by  a  continacd  process  of  reduction  ;  on  the  contrary,  both 
Cypercuxae  and  Gmmiiuat:  constitute  independent  branches  of  a  no  longer  existing 
ancestral  stock. 

Family  Cyperaoeae. — Flowers  usually  diclinous,  naked  or  with 
reduced  perigone ;  ovary  DI-  or  TKIMEROUS  with  ANATROPOUS  ovules. 
Pericarp  NOT  ADHERENT  to  the  seed  ;  embryo  without  scutellum, 
and  KNCLOSED  IN  ENDOSPERM.  Hcrbs  with  triangular  axes,  and 
NOT  HOLLOW,  rarely  segmented  into  intemodes;  leaves  often  three- 
ranked,  with  CLOSED  leaf-sheaths,  and  either  with  or  without  a 
reduced  ligule.  Inflorescences  of  varying  character,  usually  without 
BRACTEOLES  (Fig.  417). 

The  Cijperaceae  are,  for  tlie  most  part,  perennial  herbs  with  pro- 
fusely branched  rhizomes  and  stiff  or  hard,  sharp-edged  leaves.  The 
rhizome  gives  rise  to  tufts  of  sterile  leaves,  together  with  fertile 
shoots,  which,  according  as  the  branches  of  the  rhizome  are  long  or 
short,  cover  extended  areas  or  form  isolated  groups.  At  the  base  of 
the  fertile  shoots  the  internodes  are  short,  while  the  whole  upjwr 
portion  of  the  shoot  consists  of  but  one  internode,  which  is  greatly 
elongated  and  bears  the  inflorescence.  The  inflorescences  are  variously- 
constructed,  sometimes  a  simple  spike,  sometimes  compound,  consisting 
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of  epikelets  united  into  spikes,  heads  or  panicles.  Subtending  bracts 
(glumes)  are  present  in  all  inflorescences ;  sterile  bracteoles  only  in  a 
few  genera.  The  flowers  are  in  most  cases  monoecious,  both  sexes 
being  united  in  the  same  spike  or  occurring  on  different  spikes. 


Repeesentative  Svb-Familibs  asd  Gekeea.— (1)  Seirpoidetu.  Flowera  her- 
maphrodite, ofWn  with  perigone,  Scirpus,  Cyperut,  Eriopkortim,  with  a  perigone 
consistiDg  ot  bristles  which,  atUr  the  maturity  of  the  flower,  grow  out  into  long 
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hairs.     (2)  Carieoideae.      Floven   unisexual,  always   naked  ;  tbe  femals  irith  an 
enreloping,  tubular  subtending  bniet  (utn[:nlD5).     Carex. 

Geooraphical  Distkibutios". — Tbe  Cifperaceae  or  Sedge  Family  are  represented 
tbroughout  the  world,  growing  frequently  in  damp  meadows,  in  marsbes,  and  along 
the  margins  of  atresms.  They  are  warthlesa  aa  fodder  plants  on  account  of  their 
hard  leaves.  The  geuus  Carex  is  the  most  common  and  comprises  the  greatest 
number  of  species.  The  family  contains  no  plant9  of  economic  value.  The  papyrus 
used  by  the  ancient  Egyptians  was  made  of  thin  stripa  of  the  firm  pith  of  Cypcrit* 
Papyna. 

Family  Gramlneae. — Flowers   usually  ubruapurodite,   naked; 

ovary  moDomerous,  with  a  slightly  Caupylotropous  ovule  ;  pericarp 

.  ADHERENT  to  the  Seed ;  embryo  with  scutel- 

LUM,  LATERALLY  IN  CONTACT  WITH  THE  ENDO- 
SPERM. Herbs,  rarely  shrubs  or  trees  ;  axes 
w-ith  HOLLOW  internodes.     Leaves  two-ranked, 

having  usually  a  ligule  and  an  open  sheath 
with  a  node-like  thickening  at  the  base.  In- 
florescences compound,  consisting  of  spikelets 
aggregated  in  spikes  or  panicles ;  BRACTEOLES 

F.O,    «8.-no«l   disgnm  of    PRESENT  (FigS.   418-425). 

the  Gnmiiwd.  w^n<i},  in  The  Gramineae  or  trae  Grasses  are  tor  the 
irT'Tw  .r"^.J' '*  1*'*^'*^  most  part  pereiJnial   herbs,  with  a  profusely 

Iheaia  th«t  the  lodiculefl  le-  i      i     n  ■  .         ■       -  if       -        i 

present  periitoneinvea.  The  branched  rhizome  creeping  horizontally  in  the 
sboent  loenibere  are  repro-  eoil,  and  giving  rise  to  sterile  shoots  in  the 
""  ^'  form  of  tufts  of  leaves,  and  also  to  fertile  shoots, 

which  are  usually  unbranched  but  provided  with  leaves,  and  divided 
throughout  their  whole  length  into  internodes.  The  annual  species  of 
Oramintae  are  not  so  numei-ous  ;  they  do  not  have  rhizomes  nor  form  the 
sterile  tufts ;  shrub-  or  treelike  forms  are  still 
less  frequent     A  membranous  Hgiile  is  always  ,     \ 

developed  at  the  junction  of  the  lamina  with  ^^     t,. 

the  leaf-sheath   (Fig.   420,    0-     The    inflores-  *^  }ff  ^ 

cences  of  the  Oramineae  in  their  entirety  are 
spike-,  raceme-,  or  panicle-like  in  character,  and 
are  always  composed  of  an  aggregation  of 
secondary  inflorescences  or  spikelets  (Fig. 
419).      Each    spikelet    usually    bears    several  ^»  mj 

flowers,  and  also  a  number  of  bracts  arranged  ^^    S 

in    two    rows.      The    two    lower    bracts,    less  J 

frequently  the  three  lower  of  each  spikelet,  are  I 

sterile,  and  arc  known  as  glumes.     These  are 
followed  by  a  varying  number  of  fertile  bracts     '"^u^'tton  ofl^^  a^kcKt, 
subtending    flowers,    and     termed     inferior       g,  The  ginmcB;  p,  todn- 
PALE^  sometimes  also  called  flowering  glumes.       ""'J^f  iJ^'cl^-  sum 
The   inferior   or  outer   paleie  are  often  pro- 
longed into  awns.     Immediately  below  the  flower  the  short  6ower- 
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.^  "stalk  bears  a  bracteole  or  SUPERIOR  palea,  which  is  always  devoid  of 
an  awn  (Fig.  421,  B),  and  two  scales,  the  LODiCULBS  ((7),  The 
lodicules  are  sometimcB  regarded  as  a  reduced  perigone,  but  ore  more 
probably  two  halves  of  another  deeply  divided  hypsophyll.  At  the 
time  of  flowering  the  lodicules  become  swollen,  and  by  forcing  apart 


Fio.  420.— P»rt  of  «  Om*  il«n  lud  Flo.  i2l.—Fatiim  pralfM**  A,  Spikolot  Willi  two  open 

leaf,    h,  Haulm;  >,  part  ot  l«f.  l1owen(x  3);  B,  flower  showiim  the  twDlodlculPB  In 

btade:  J,    Uffula;  v,  leet-ahealh;  (root  nnd  themperiorpilea  behliid(x  li);  C,  •  lodi- 

fc,  nDde-Uke  ■welling  »tthe  bmo  of  cule,  lsol»t«d(«  12);  D,  ovuy  viewed  from  the  side, 

the  leaf-iheaUi.  witb  the  seTered  sUIk  ofone  stlKnu(x  12). 

the  paleffi  and  glumes  they  bring  about  the  opening  of  the  flowers. 
AH  the  axial  portions  of  the  spikelets  are  short,  so  that  the  bracts, 
packed  one  immediately  over  the  other,  are  only  partially  visible. 

The  androecium  consists  usually  of  three  stamens,  each  with  a  large 
elongated  anther  attached  below  the  middle  to  the  apex  of  the  slender 
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filament.  The  ovary  has  two,  rarely  three,  branching  atigmas  situated 
either  directly  upon  the  ovary  itself,  or  borne  on  a  ehort  style  (Fig. 
421,  B).  The  pericarp  is  traversed  by  a  longitudinal  groove;  it  is 
leathery,  and  assumes  the  functions  usually  performed  by  the  seed- 
coat,  which  is  thin  and  adherent  to  it.  In  many  cases  (e.g.  in  most 
species  of  Barley)  the  pericarp  and  palen  also  adhere.  On  germina- 
tion a  shield-like  appendage  of  the  cotyledon,  the  scutellum,  remains 
within  the  seed  and  absorbs  the  endosperm  (Fig.  422). 

Sub-Fahilies  (after  Hackel)  and  Representative  Genera. — (1)  Maydem, 

Zea.    (2)  Ai\dropogoneae,  Saedtarum.    (3)  Panicaie,  Panic^im,  Selaria,    (4)  Orytfoc, 

Oripa.     (5)  FkalariiUae,  AtUh/uxiH- 

Ihiim.       (6)    Agnatidfof,    apikelets 

atallced,  bearing  one  flower  and  two 

Klumea ;    Fhititm    and    Aloptcunu, 

with  spikeleU  aggregated  in  apihe- 

like   inflorcBcencea ;    AgrtMU,    with 

.  ])aniculat«     infloreacences,     inferior 

[lalete,    usually    prolonged    into   an 

"^  awn  ;    CalaiiingrostU,    with    iDferior 

'  paleiE,  hairy  and  awned.     (7)  An- 

luae,  spikeleta  two-flowered,  iaferior 

paleK!  shorter  than  the  glumes  ;  awn 

knotd.    Avena,  BpikeleUin  panicles, 

fruit    hairy;    Aim;    Holcus.       (8) 

CMorideae,  Cynodon.     (9)  Featuetiu, 

spikeleta   two-  to  four-flowered,   in 

]ianieles  or  racemes  j  inferior  palate 

longer    tlian    the    glumes,   with   or 

"  without  awns  ;   Phragmita,  Meliea, 

FIO.  4i2.-P«t  of  rnalUn  longitudinal  «,:tlon  of  a    jj^m,  Daelulis,   Poo.  Bro>ii«S.      (10) 

KTSin  of  wheat,  ahowlnx  embryo  and   Muwlluiii     „      ,  '.~ ,  .  ' 

JiT)-   n    viacHlar  bundle   of  acutelluni-  w    lu    Hordcac,    spiltelets    one    or    several 

cylinder  epithelium;  V,  ll»ligule;  c,  Etiiealhlng    flowered,   Situated  In    two    rows,    in 

part  of  the  cotyledon  ;  iw,  vegetative  cone  of  Hteni ;    depressions  of  the  main  floral  axis, 

ApihjTxicotyl;  Mtpile;  r,iBdM;lB;rf,root-»heath;    gnj    forming    a    compound     Spike. 

rilt^''«Illo'';""'('KT4.'r''™'''"'''"'''*'''    -^'^'"»'  ^'"''-  'P'"''^^  •°li'"T  '"" 

the  depressions  of  the  axis,  glumes 

awl-sliaped  anil  nninerved  ;  TrUicnm,  similar  to  SeaUe,  but  with  ovate,  three-  to 

many-nerved  glumes.     Honieura  bears  several  spikeleta  on  each  segment  of  the  axi^ 

spikelets  single-flowered.     (II)  Sambaseac,  shrubs  and  trees  ;  Bambaaa. 

Oboobaphical  Distribution.— Like  the  Cypcriuxae,  the  Omniineoe  are  widely 
distributed  over  the  whole  world.  They  appear  in  the  most  varied  situations,  in 
particular  in  meadows  and  fields,  of  which  they  form  the  principal  vegetation. 
Among  tlie  most  important  meadow-grasses  the  following  may  be  mentioned  :  Pm 
pratcTuis,  Common  Meadow  Grass  or  Kentucky  Blue  Grass  ;  Agmatia  viilgara.  Red- 
top  ;  AlopeC'iraa  pralennt,  Meadow  Foxtail  |  Phieum  prataue,  Timothy  ;  Dttdyla 
glonuTata,  Orchard  Grass  ;  Briza  laedia,  Quaking  Grass  ;  Anlhac^rUJiitm  od&nUHVi, 
Sweet  Vernal  ;  Lolium  percnru.  Eye  Grass ;  Holcua  laaiUut,  Velvet  Gmss  ;  Arrlietia- 
llKfum  diUiaa,  False  Oat  Grass  ;  ArcTiii  pitheicens  and  A.  jtaveaetTa,  the  Yellow  Oat 
Grass,  etc.  The  arborescent  grasses  of  the  genus  Bamhita  and  its  allies  form  ex- 
tensive groves  in  the  Tropics,  or  the  smaller  forms  grow  in  the  shade  of  the  primitive 
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foreats.  The  most  important  of  the  cereal  grosses  grow  in  Uie  Temperate  Zone : 
Wheat,  TrUicum  vulgare,  with  numerous  yarietiea  and  races,  e.g.  T.  turgidvm,  T. 
rfKrunt,  r.poionicum;  Spelt  orGerman  Wheat,  T.  Spella  ;  Amel  own  or  French  rica, 
T.  dicoeeitm  ;  One-grained  Wheat,  T.  monoeoceum  ;  Rye,  Secale  cettaie  ;  Barley,  Hor- 
deam  vulgare,  in  several  varieties  and  races,  as  H.  hcxcatUkum,  H.  dittichum,  etc  ; 
Oats,  Aneiia  xUira;  Haize,  Zta  Mail;  and  numeroiiB  Todder- plants.  The  native 
condition  of  the  cereals  is  unknown,  except  in  the  case  of  Sordeum  diatiehum,  the 


Fio.  Kt.—Sim-hnniM  c^eiaanm  {grK»lly  rajucml). 
2,  Flower  artet  reniovEl  of  th*  psleii  — 
OfFlilXil..    (After  VTOBIDLO.) 

two-rowed  Barley,  which  is  found  in  Asia,  and  Maize  which  is  of  American  origin. 
The  other  cereals  were  probably  indigenous  to  Asia  or  Eastern  Eiiro])e.  Rice,  Oryza 
mtiva  (Fig.  i23),  originally  derived  from  tlie  East  Indies,  and  SnfxhaTuiii  officin- 
arum,  Sugar-cane  (Fig.  424),  are  cultivated  in  the  Tropics  and  sub-tropical  zones. 
The  latter  is  a  perennial  plant  with  solid  intemodes  filled  with  parenchyma,  from 
the  cell'Sap  of  which  part  of  the  cane-sugar  of  commerce  is  obtained  by  a  process  of 
evaporation  and  subsequent  refining  {cf.  Beta  iidgaria).  The  Sugar-cane  is  not 
found  growing  wild  ;  its  native  home  wa.i  undoubtedly  tropical  Eastern  Asia.  The 
Indian  Millet,  Andrapogim  Sorghum,  and  the  different  species  of  .BajniiMan,  whose 
stems  not  only  furnish  a  convenient  building  mBterial,  but  their  hollow  intemodes 
serve  also  for  household  utensils,  are  also  chiefly  tropical. 

Poisonous. — Loliam  Umuleittum,  Bearded  Darnel  (Fig.  42S),  an  annual  grwa 
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with  narrow,  elongated  infloresoBDoea  of  a  green  oolonr.     The  aeeda  an  poieonout,  u 

are  also  tho«e  of  L.  tinicola,  a  weed  only  found  growing  in  Flax  fields.     Both  may 

be  distinguished  from  the  othw 

/  hamilesa  species  of  Loliutn,  e.g. 

L.  peraau.  Rye  Qrast,  by  the 

absence  of  tufU  of  sterile  leaf. 

O  FPici  M  AL. — Saetttarutn  offi- 
cilUiTum.  (Fig.  424)  yields  Sac- 
c:UABiiu  ;  tbegerminaticg grain 
of  HonUxtm  vulgare,  Haltum  ; 
Agropyrian.  rgma.  Couch  Grass, 
Rhizoua  or  Radix  oh  ah  ik  is. 
The  starch  derived  from  the 
seed  of  TriHeum  vutgart  is  the 
officinal  Akyluh  Thitici. 

Order  6.  Heloblae 

Flowers  bypogynous, 
less  frequent]y  epigynous, 
actinomorphic,  with  peri- 
anth ;  STAMENS  USUALLY 
MORE  THAN  SIX  ;  CARPELS 
USUALLY        MOKK         THAN 

THREE,  in  hjpogynous 
flowers  FREE ;  seeds  WITH- 
OUT ENDOSFERU ;   embryo 

with  LARGE  HYPOCOTYL. 

The  HeU^Aae  are  marsh- 
or  water-plants,  sometimes 
of  a  grass-like  appearance, 
sometimes  with  broad 
leaves.  According  to  the 
mode  of  pollination, 
whether  effected  by  the 
wind,  water,  or  insects,  the 
perianth  is  either  small  and 
of  a  greenish  colour,  or 
large  and  differentiated  into  a  calyx  and  corolla.  The  structure  of  the 
flowers  may  be  regarded  as  a  modification  of  the  Monocotyledon ous 
type,  resulting  phylogenetically  from  the  splitting  of  the  stamens  and 
carpels.     Flowers  exhibiting  reduction  also  occur  in  this  order. 

Family  Allsmaceae.  —  Flowers  HYPOGYNODS,  hermaphrodite, 
with  perianth  differentiated  into  calyx  and  corolla  ;  stamens  9 
(6  +  3)  or  more ;  carpels  free,  numerous,  sometimes  arranged  in 
spirals.     Fruit  dry  and  indehiscent,  rarely  a  capsule  (Fig.  426). 

Members  of  this  family  are  found  in  all  zones  growing  JQ  marshes  or  shallow 


Fio.  *26.— LcJliimfcrniiloKuiK.— Po/wjTora; 
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water.  As  re{««8ent>tiTe  species  may  be  mentioned  AUsma  Planlago,  Water 
Plantain,  Sagillaria  tagiltifoUa,  Arrow-bead,  and  Bxttoaan  uaihelliUm,  Flowering 
RuBb. 

The  small  family  Juncaginaceat  maj  be  ^distinguished  from  the  preceding  by 
its  grass-like  habit  and  calycoid 
perigone.  It  probably  represents 
tbe  oldest  group  of  the  order.  Tri- 
glockin  paluttria,  Arrow-Grass,  is 
a  lamiliar  exsniple  of  thia  lamily. 

Family  Hydpocharltaeeae. 
— Flowers  EPiGYNors,  usually 
UNISEXUAL;  perianth  consist- 
ing of  both  CALYX  and 
COROLLA,  or  the  latter  may  be 
Buppreased  ;  stamens  three  to  __ 

'^'^  r     .L  I'lo.  42«.— Jkutnarto  miaitllfiiia.    a.  Flower;  A,  OtM 

many;    ovary    of    three    or      ,fi,r«mo™iofp«totu.e«rpei».  {ifagniflod,) 

more    carpels.      Fruit    with 

irregular  dehiscence,  commonly  many-seeded. 

The  HydTOCkaritactae  are  water-plants  occurring  in  fresh  water  in  all  rones,  and 
in  the  tropical  seas.     They  are  usually  submerged,  or  at  the  most  projecting  their 
inflorescences  above  the  water,  rarely  freely  Boating  on  its  surface.     The  German 
Flora  possesses  only  two  native  species— ff^rocAaris  mormt  ranae,  Frog's-Bit, 
floating  on  the  surface  of  ponds,  with  roundly  cordate  leaves,  and  SiratioUi  aloida, 
Water-Soldier,  whose  sword- 
shapod,     spiny    leaves,    to- 
gether with   the   female  in- 
florescences, appear  above  the 
surface  of  the  water  only  to 
become      again      submerged 
after    fertilisation.      Elodea 
canadeniU,  the  widely  distri- 
buted Water- Pest  iub^duced 
into     Earope     from     North 
America    about    fifty    years 
ago,  is  represented  only  by 
female  plants. 

Family  Potamogeto- 
naceae. — Flowers  HYPo- 
GYNOUS,  unisexual,  or 
hermaphrodite,     usually 

NAKED  or  with  REDUCED, 

.  Fio.  4W.— PWomoiKion  noMM.     1,  Ape<  of  flowering  shoot;    CALYCOID  PERIGONE; 

l!,BDWorvi8»«lfroiii»bove;il.«owervi9«ed(rooitheaid8;    andrCGcium        and        the 
4,  diajniam  of  nover.    (After  WoBfljOLoO 

apocarpous  gyncecium 
ONK-  TO  FOUB-MEROUS.  Ripe  carpeU  drupaceous,  one-seeded  (Fig. 
427). 

On  account  of  the  great  reduction  and  simple  structure  exhibited  by  tbe  Sowers, 
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the  Bystematic  position  of  the  Potamngetonaceae  \a  difficult  to  delemiiae.  The 
funil;^  consists  of  water- plaots  whose  leaves  are  usually  narrow  and  submerged, 
while  the  inHoresccnces  sametimes  rise  above  the  surface  of  the  water,  sometiines 
remain  continually  submerged.  The  flowers,  always  small  and  inconspicuous,  are 
pollinated  by  the  wind  or  water.  The  members  of  this  family  constitute  a  chief 
part  of  the  fresh  ■  water  flora  of  all  loaes.  Fotamogeton,  Pond  ■  weed,  and 
ZaHnichellia,  Horned  Pond-weed,  are  familiar  fresh-wateT  genera.  Some  species 
are  found  in  salt  water,  where  they  cover  eitended  areas  in  the  neighbourhood  of 
the  coast  with  a  submerged  vegetation,  e.g.  Zoatera  marina,  Orass-Wrack  or  Eel- 
grass,  found  in  salt  water  throughout  all  zones.  It  is  used  for  stuffing  cushions, 
etc,  and  is  the  only  plant  of  economic  value  in  the  whole  order. 

The  small  family  Najadaeeae  (flowers  diclinous,  one  stamen,  one  ovary)  is 
closely  related  to  the  preceding,  which  it  resembles  in  appearance  and  habit. 
A'ajoi  major  may  serve  as  an  example. 

The  Triuridaccnt  are  a  small  tropical  family  of  terrestrial  plants,  all  of  which 
are  saprophytes  and  devoid  of  chlorophyll.  In  structore  their  flowers  resemble 
those  of  the  Alifmaceac. 

Order  6.  Scltaminead 

Flowers  epigynous,  zygomorpbic  or  asvmmetiucal;  andrcecium 
REDUCED,  often  PARTLY  PETALOID ;  Ovary  usually  JRILOCULAR  ;  seeds 
vith  perispenn. 

The  Sdlamineae  are  herbs,  usually  vrith  perennial  rhizomes  and 
with  large  pinnate] y- veined  leaves,  which  may  be  narrow  or  elliptica). 
The  flowers  are  adapted  to  insect-pollinaUoni  the  perianth  is 
in  some  cases  differentiated  into  a  calyx  anil  corolla,  or  developed 
as  a  corollftceouB  perigone.  The  structure  of  the  ajidnecium  is 
especially  characteristic.  Although  in  certain  cases  {e.ff.  in  the 
flowers  of  the  Banana)  it  differs  from  the  regular  type  merely  in  the 
absence  or  staminodial  development  of  the  posterior  stamen,  in  the 
majority  of  the  Sciiamineae  only  one  fertile  stamen  is  present.  The 
Other  members  of  the  andrcecium  are  then  either  suppressed  or  they 
!  the  form  of  PETALOID  STAMINODIA,  which  give  the  flowers  a 
^  distinctive  shape  and  appearance  (Figs.  429  C, 

430).     The  fruit   is  variously  developed   and 
furnishes  no  characteristic  features. 

Family  Mutaaae.  —  Flowera  KYaoiioEPHIc,  with 
FIVE  FERTILE  stameus.  Tropical  herbs,  arborescent  in 
appearance,   rarely  true  trees,  with   enormously   large 

The  Banana  {Hunt  lapUrdam  and  M^aa  paraditiaea) 
is  largely  coltivated  in  all  tropical  countries  for  the  sake 
of  its  edible  baccate  fruit. 

Family  Zingrlberaeeae. — Flowers  zygomorpuiC;  the  posterior 

STASIEN  OF  THE  INNER  WHORL  ALONE  FERTILE,  AND  THE  TWO 
lateral,    inner     STAMENS     CONNATE     AND     TRANSFORMED     INTO    A 
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T0SGUE-8FAPED  LEAF,  TUB  LABELLUH ;   the  outer  whorl  of  BtamenB 
staminodial  or  absent  (Figs.  428,  439). 

The  members  of  thia  family  are  herbs,  with  rhizomes  which  contaio 
an  ethereal  oil  in  special  oil-cells,  giving  them  a  penetrating  aroma. 
The  flowers  are  aggregated   in  inflorescences  of  various  types,  and 


are  usually  large  and  highly  coloured.  The  splendour  of  their 
appearance  is  due  to  the  prominent  position  taken  by  the  labellnm 
(Fig.  429,  B,  C),  which  is  considerably  larger  than  the  leaves  of 
the  perianth.  Although  the  stamens  of  the  outer  whorl  are  usually 
wanting  or  have  the  form  of  inconspicuous  ataminodia,  in  less 
frequent   cases   they   are   also  represented   by   petaloid    staminodia 
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The  fruit  is  a  throe-valved  capsule,  rarely  a  berry.     The  saeda  are 
provided  with  an  aril. 

Oeooeapbical  DlSTBIBUTiOM. — The  members  of  the  Zingiberaoea^  >ra  all 
tropical.  They  are  represented  bj  aumeroaB  species  and  iadividuals  in  the 
foTesta  of  South  Asia,  which  thej  beautify  by  their  magniticeiit  flowers  and 
foliage.  Frequently  (Alpinia  species)  the  infloreicences  spring  directly  from  lie 
rhizome  and  spread  like  radiating  stars  over  the  ground,  or  are  poised  in  fiery- 
red  clusters  between  the  two-ranked  leaves  of  the  vegetative  shoots.  In  other 
cases  the  inBorescences  are  spikes  terminating  the  vegetative  shoots.  Hany 
species  are  cultivated  in  hot-housea  as  decorative  plants,  others  are  valuable  for 
their  tuxjinatic  properties,  e.g.  ginger,  cardamom. 

OrTlclVAL.— Zingiber  offieinaU  (East  Indies,  Fig.  429)  supplies  BhizoHA 
ZiNOlBEBIs ;  CaTcuma  Zedoaria  (£aat  Indies),  Rhiz.  Zedoariae  ;  Alpinia 
offieinarum  (from  the  island  of  Hainan,  China),  Baiz.  GalaS'OAX  ;  EUUaria 
Cardamomum  (East  Indies),  Fbuctub  Caedamomi: 

—Flowers  astmhetuical  ^  the  poaTBEioR,  inner  btamen 

Dl'S)    ANTBEB,   THE 

1    LATERAL, 

•    DlSalMILAELV, 

(wing  and  large  reflexed 
labellum) ;  the  ^uter  stamens  staminodial 
or  absent.  FruitVa  many-sbbdes  capsule. 
Embryo  atropoua  (Pig.  430). 

Perennial  herlra /produced  from  rhizomes, 
with  large  lanceolate  leaves  and  terminal 
spiked  inflorescences.  The  asymmetry  of  the 
flower  is  due  tp  tlie  pecnliar  development  of 
the  androeciumi  and  in  particular  to  the  label- 
lum. In  this  family  the  labellum  consists  of 
a  single  staminodium,  and  not,  as  in  the 
Zingiberaccae,  of  two  connate  staminodia. 

Geographical  Distribution.  —  The 
species  of  Canna,  the  only  genus,  grow  wild 
iu  the  fields  of  tropical  America ;  many  are 
cultivated  as  ornamental  plants. 

Family  Hanuitmeeae.— Flowers  astmhet- 
uical ;  THE  INNER,  POSTERIUB  STAliBK  ALOKE 


(MONOTHECIOl-S)    ASTHER,    THE    OTHEJ 
PlO.  «0.-no»erOtC<.nMiriJi>™.    /,    BTAMISODIAL  ;    TBB    two     tAIERAt, 


Ovary ;  k,  calyi  \  r,  cdtoIIa  ;  I.  labetlun 

ifi-j,  Ihe  other  staminodia;  a,  ftrttlo    soDlA  ;    the    outer    stamens    staminodial    or 

«l«nen  ;  s.  etyl*.    ()  lat.  »i«.)  abaeut.      Fruit  with  OSE  to  thbeb  seeds  in 

each  loculus.  Embryo  campy lotropous. 
The  Marantaeeae  are  medium-sized,  or  more  frequently  small  herbs  with 
perennial  rhizomes.  They  always  have  stalked  leaves,  which  are  distinguished 
ttoni  those  of  other  ScUaminiae  by  a  joint-like  swelling  of  the  stalk  below  the 
lamina.  The  flowers,  iu  contrast  to  those  of  the  other  families  of  this  alliance, 
are  often  small  and  insignificant,  usually  white.  In  structure  they  differ  from  the 
flowers  of  the  various  species  of  Canna  only  in  the  form  of  the  inner  stamiuodia. 
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of  irhich  the  one  correspondiiig  to  tlie  labellum  is  developed  as  s  amall  roisahapen 
hood.  Hao;  epecies  are  cultivated  in  conservatories,  chiefly  for  tlie  sake  of  their 
bright-colouied  foliage. 

Geookapbical  Distrisution. — The  Uraunlactae  grow  priacipall}'  in  the 
tropical  regions  of  America. 

Officihal.— The  rhizome  of  MaraMa  afwndivaeea  (West  Indies)  yields  arrow- 
root, AuFLCM  Maraktae. 

OFder  7.  Qfnandi^e 

Flowers  EPIGYNOUS,  liermaphrodite,  zygomorphic;  perigone 
corollaceous ;  andrcecium  reduced  to  THE  three  ANTURIOR 
MEMBERS,  consisting  usually  of  one  fertile  stamen  and  two  etaminodia, 

ADHEEENT   TO   THE    STYLE   AND   FORMING    A   COLUMN  ;      OVary    UBUally 

UNILOCULAR,  with  parietal  placentation ;  fruit,  a  capsule ;  seeds  ex- 
ceedingly NUMEROUS  AND  SMALi,  without  albumen  ;   embryo  UN- 

SEGUENTED. 

Family  Orchidiuieae. — Characteristics  the  same  as  for  the  order 
(Figs.  431-436). 

The  Orchids  are  all  herbs ;  they  vary  greatly  in  external  appear- 
ance and  have  racemose,  usually  spike-like  inflorescences.  The  flowers 
are  almost  always  pollinated  by  insects,  and  to 
this  end  have  developed  the  most  complicated 
contrivances.  The  corollaceous  perigone  ex- 
hibits endless  variation.  The  posterior  leaf 
of  the  inner  whorl  is  often  especially  charac- 
terised by  its  size,  form,  and  colour;  like 
the  similar  but  not  homologous   staminodial 

oi^an   of    the    Zingiberaceae,    it    is    termed    a  

LABELLUM;  It  is  frequently  drawn  out  below  ^ 

■    -  i_         J  '.  ,ri-         i  nrt      Fro.  481. — On^idofw*.    Flonl 

into  a  sac-shaped  cavity  or  spur  (Fig.   432,  di^^ (OmVi,x 

a,   /).      Id    ite    rudimentary    condition    the 

labellum  is  uppermost,  but,  as  a  rule,  it  acquires  ultimately  an 
anterior  position  in  consequence  of  the  torsion  of  180°  suffered  by 
the  inferior  ovary,  or  as  a  result  of  the  tilting  over  of  the  whole 
flower.  In  the  andrracium  only  the  anterior  stamen  of  the  outer 
vhorl  and  the  two  lateral  members  of  the  inner  whorl  are  developed  ; 
these  two  lateral  members  are  usually  transfonned  into  sterile,  lobed, 
or  tooth-like  prominences  (b,  p),  while  the  central  stamen  alone  is  fertile 
and  bears  an  anther  {e.g.  (h'ckis) ;  less  frequently,  the  central  of  the 
three  staminal  members  of  the  andrcecium  is  sterile,  while  the  two 
lateral  are  fertile  {CypHpediim,  Lady's  Slipper).  The  gynostemium  (b) 
formed  by  the  union  of  the  stamens  with  the  tips  of  the  carpels  is 
sometimes  developed  as  a  column ;  sometimes,  as  in  Orchis,  it  is  short 
and  barely  elevated  above  the  receptacle.  It  hears  at  its  apex  the 
stigma  and  the  anther,  or  a  pair  of  anthers  aa  the  case  may  he.  The 
pollen  is  rarely  powdery,  consisting  of  separate  grains  {e.g.  Cypripedivm), 
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All  tli6  pollen- graina  of  each  theca  are  usually  united  by  a  viscid 
substance  into  a  club-shaped  mass  or  pollinium  (e),  attached  above 
or  below  to  a  mucilaginous  filament 
termed  the  CAUDICLE  (e,  r).  In  a 
few  cases  several  pollinia  are  present. 
The  threelobed  stigma  (b,  k)  is 
situated  directly  below  the  anther. 
.  The  two  lateral  lobes  are  always 
'  normally  developed  and  destined  to 
receive  the  pollen,  while  the  anterior 
lobe  has  frequently  the  form  of  a 
pouch-shaped  beak  or  rostellcm 
(b,  /),  in  which  one  or  two  small 
masses  of  sticky  mucilage  (3),  the 
GLANDUL.^;  {relinacula),  are  formed 
by  the  disoi^nisaCion  of  the  tissue. 
To  these  sticky  glandulfe  are 
attached  the  caudicles  with  their 
pollinia.  The  whole  structural  de- 
velopment of  the  flower  represents 
an  adaptation  to  insect-poUination. 
3wpr:  a  ^^^en  an  insect  inserts  its  proboscis 
Id  d,  the  in  the  nectaries  of  the  labellum,  the 
=  ''■'''*'■  glandulffi  with  their  stalked  pollinia 
perigone  become  glued  to  it,  and  the  pollen 

leaves  with  eiwptton  of  the  upper  part  nf    is   thuS    applied    tO    the   nCXt    floWef 

t^^'r'"""^''' "'«""■'■  """"""'*'   visited    by    the    insect.      Similarly, 

looth-liko  prolongBtfon  of  the  rostelluni ;    ,        .  r  ... 

n,  anther;  N,  munective;  o.iKimDium;^.  by  msertiHg  a  pointed  instrument 

giMidui»:p,  Btaininodium,  o,  A  poiiinLum :  jn   the  spur,  a  Jead-pcncil  for  ei- 

r«,t';^1i™.'\';^I^^B™"''iVHM,™'.)'  ^"'P'*.  **>«   p<^inia   will  be  found 

attached  to  it  on   its  withdrawal. 

The  capsule  is  often  leathery,  and  in  dehiscing  splits  into  six  valves. 

The  embryo  is  usually  spherical  and  exhibit  no  differentiation  into 

hypocotyl  and  cotyledon.  / 

Many  of  tbe  iudigfuous  species  have  uDdergroiind  tlibera  {e.g.  OrcAU).  As  ■ 
rule,  two  tiibers  are  present,  formed  bj  the  union  of  several  roots ;  according  u 
the  coalescence  is  more  or  less  complete,  they  are  ovate  and  smooth  (Fig.  431),  or 
pslmately  divided  (Fig.  433).  One  of  the  tubers,  tile  older  mother-tuber,  is  dui- 
coloured  and  flaccid  ;  it  bears  the  floral  shoot  and  afterward  dies.  The  other,  the 
daughter- til  her,  is  finner,  lighter-coloured,  and  provided  with  an  apical  bud.  I> 
remains  dormant  in  the  soil  over  winter,  and  in  the  succeeding  spring  givea  rix 
to  an  aerial  shoot,  and  then,  after  producing  a  new  daughter- tuber,  acquires  in 
turn  the  structure  and  appearance  of  a  mother-tuber  in  consequence  of  the  exhiu- 
tioQ  of  the  accumulated  reserve  material  of  ita  cells. 

SfB-FAUiLiES  AND  Rephesf.ntative  Genera. — (1)  DiandnM.  Two  (rarelj 
three)  fertile  stamens-  All  three  stigmatia  lobes  susceptible  of  pollination. 
Cffpripedium.     (2)  Manandrat.     One  fertile  stamen.     Of  the  three  stigmatio  lobti, 
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one  coDtinnes  rudiment&ry  or  develops  as   a  rostellum.      Orehia,  with   spurred 
Iftbellum  ;  Ophrya,  withoot  spur,  the  flower  resembling  an  inaect ;  both  genera, 


isteni  of  Or-Aii  Ml/ollv 

6, 

>,  MtaphylUiry  leaf;  r 

old, 

H :  t,  buci ;  r,  rooU. 

Orrici. 

AL.    (Afte 

and   similarly  (J^mnu/^cnia,  FlataviMra,  and  others,  with  tubers ;    Ctphalanthtra 
and  Epipatli*,  with  creeping  rhizome.     Ifeollia,  Epipogon,  and  Coralliorrhiza  are 


Fio.  i36.— CoJiBOra  galrala,  an  epiphytic 

orchid.      (Atler    Phtotr    tn    Nal.         Fia.  «6,— KaniUa  ]iaaiJ<Aia.      1,    InflomKenM ;  2, 
iVtonKsjimUlm,  ^  nat.  niis.)  ftnit,— 0/'>*/c/.v.4i.    (After  BsBO  and  Wobsidlo.) 

humus  plants,  either  poor  in  chlorophyll  or  wholly  devoid  of  it.     Vanilla  (see 
tinder  O^anal). 

Gboorafhical  Distribution. —This  family  inhabits  chiefly  the  Tropics,  where 
thousands  of  its  species  are  found  growing  as  epiphytes  Dpon  trees.  The  roots  of 
sach  epiphyt«i  (Fig.  43G)  attach  themselves  to  the  bark  and  are  enveloped  by  a 
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Telamen  (p.  42),  which  greedily  absorbs  water  ;  while,  in  many  caa«a,  the  aUma 
are  tuberously  swollen  and  serve  as  water-reserroire,  accumulating  wst«r  in  their 
cells  and  transmitting  it  to  tlie  leaves  in  dry  weather.  Terrestrial  Orchids,  on  the 
otber  liaod,  are  more  numerous  outside  of  the  tropical  mne,  paiticularly  io  the 
drier  regions  of  Soutiiern  Africa  and  the  countries  adjoining  the  Mediterranean, 
which  are  especially  characterised  by  the  profusion  of  their  tuberous  and  bulboui 
plants  (c/.  Liliattae). 

Officinal. — The  anripe  Ihiit  of  Vanilla  plaai/olia  (Fig.  43S)  is  the  officinal 
Frcctus  Vakillae.  The  Vanilla  is  indigenous  to  Meiico,  but  ia  now  culti- 
vated in  all  tropical  countries.  It  climbs  by  means  of  its  aerial  roots,  like  the 
Ivy.  The  ovate,  not  the  divided,  tubers  of  several  species  of  Orckit  and  allied 
plants  found  in  Europe  and  Asia  Minor  are  used  as  Salep,  Tubeba  Salep. 

The  small,  wholly  tropical  family  BaTmanniaceae  forms  a  connecting  link 
between  the  Oynandrae  and  the  Amaryllidaeeae  and  otht^r  epigynous  LiliiJUrrae. 
In  common  with  the  latter,  its  flowers  have  usually  an  actinouiorphic  perianth  and 
a  &ee  andriEcium  with  both  whorls  present  or  with  one  whorl  suppressed.  The 
zygomorphism  of  many  forms,  the  often  unilocular  ovary,  the  very  numerous  and 
small  seeds  with  unaegmented  embryos,  indicate  on  the  other  liand  a  relationship 
with  the  Orchids. 


Sub-Class  II 

ni<^nt.vI«H  nn  as 


UTAMKROUS,  pentA- 
embryo  with  two 
Herbs  and  woody 
1  OPEN  vascular 
ibiting,  in  cross-sec- 
steius,  a  CIRCULAR 
and  also  almost 
a  cambium  whicb 
bundles  (Fig.  437). 
ly  with  REncuLATE 
ig.  438). 

3  are  variously  cod- 

letimes  with,  eome- 

it   albumen.       The 

be  large  or  email ,' 

rasites    and    sapro- 

unaegmented,  but 

a  differentiated  into 

:otyl,  and  two  coty- 

'  ledons.     On  germination,  tbe  cotyledons  remain  in  Gome  cases  encloeed 

within  the  seed,  in  others  they  become  green  and  unfold  above  tbe 

surface  of  the  soil. 

The  primary  root  is  usually  retained,  and  may  be  distinguiBhed 
from  the  lateral  roots  by  ite  larger  size  and  more  vertical  growtii. 
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The  Btem  of  most  Dicotyledons  is  more  or  less  profusely  branched. 
(For  an  account  of  the  arrangement  (Fig.  437)  of  the  vascular  bundles 
and  of  their  structure,  e/,  pp.  117  and  102.  The  secondary  thickening 
is  described  on  p.  120.) 

The  leaves  are  alternate  or  whorled,  in  the  former  case  assuming 
various  arrangements.  They  often  have  stipules,  but  rarely  leaf- 
sheabhs.  The  lamina  is  simple  or  compound,  entire  or  more  or  less 
irregular  in  outline. 

In  the  majority  of  cases  the  structure  of  the  flovers  may  be 
referred  to  the  pentacyclic,  pentamerous  type,  although  flowers  with 
whorls,  consisting  of  two  to  six  or 
more  members,  also  occur.  When 
more  than  five  members  are  present 
in  a  whorl  the  modification  of  the 
normal  structure  is  usually  due  to 
splitting  ;  when  less  than  five,  to 
suppression.  There  are  also  some 
flowers  which  normally  have  less 
than  five  members  in  the  floral 
whorls.  The  median  sepal,  with  few 
exceptions  {Papilionaceae,  Lobeliaceae), 
occupies  a  posterior  position.  In 
the  most  simply  constructed  Dicoty- 
ledonous flowers  (Amentaceae)  the 
number  of  members  composing  the 
whorls  is  subject  to  variation.  Such 
a  condition  does  not  result  from  a 
modification  of  flowers  of  the  pen- 
tamerous type  occurring  in  the 
course  of  phylogenetic  development ; 
but  it  must  be  assumed  rather  that 

the   numerical  relations  existing  be-      fio.  ««.— Le»fitithreti™i»te™niiion 
tween  the  parts  are  not  yet  thoroughly  (I  nit.  aiu). 

fixed. 

In  the  oldest  forms  a  corolla  is  typically  absent ;  in  the  more 
highly  developed  the  perianth  is  usually  differentiated  into  a  calyx  and 
corolla,  .More  rarely,  by  the  suppression  of  one  whorl,  the  perianth  is 
simple  or  developed  as  a  double  calycoid  or  corolJaceous  perigone. 

The  Dicotyledons  are  divided  into  the  two  groups,  Choripetalae  and 
Sympetaiae. 

A.  ChoFlpetalae 

Perianth  single  or  double,  and  then  usually  polyphylloua. 
The  group  contains  the  following  orders  :  Amentaceae,  Urticinae, 
Pdygatdnae,   Centrospermae,   Polycarpicae,   Ehoeadinae,   Cislifiorae,  Paasi- 
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Jloritiae,  Oj>utitinae,  C'olumrtiferae,  Gruirtales,  Terelnntkiitae,  Sapittdtnae, 
Frangvlinae,  Thymelaeinae,  Tncocau,  Umhdliflorae,  Saxi/ragimu,  BoHfiorae, 
Leguminosae,  Myrtifiorae,  and  the  provisional  grou^«f  the  Hyileri^yla. 
The  liret  three  orders  comprise  plants  with  simply  constructed  apetalous 
flowers,  often  typically  unisexual,  and  probably  representing  less  highly 
developed  types ;  whUe  the  group  of  the  Hyslerophyla,  aa  is  evident 
from  the  parasitism  of  most  of  its  members,  is  of  more  recent  origin. 
The  sequence  in  which  the  orders  are  here  given  does  not  constitute 
an  ascending  series,  and  it  has  no  reference  to  their  position  in  tbe 
scale  of  development 

Order  1.  Amentaceae 

Flowers  hypogynous  or  epigynoua,  rNiSExUAL,  SMALt,  NAKKU,  or 
with  OALYCOID  PERIGON'E ;  the  male  in  catkins  (amenta) ;  the  female 
in  inflorescences  of  a  different  character.  Number  of  stamens  variable, 
rarely  the  same  as  that  of  the  perigone  leaves.  Gyncecium  two-  to  six- 
HEROUS.      Seeds  without  endosperm. 

The  Araenlaceae  are  all  woody  plants  with  alternate  leaves.  The 
male  inflorescences  are  characteristic  of  this  order ;  they  have  the  form 
of  catkins,  bearing  the  small  flowers  in  the  axils  of  scale-like  bracts. 
The  female  flowers  are  sometimes  aggregated  into  catkins,  as  in  the 
Willow ;  in  other  cases  into  capitate  or  spike-like  inflorescences.  The 
fruit  is  usually  a  one-seeded  nut,  rarely  a  capsule  or  drupe. 

The  diclinous  flowers,  the  absence  or  imperfect  development  of  the 
perianth,  the  variable  number  and  often  irregular  arrangement  of  the 
parts  of  the  flower  in  the  same  or  in  allied  species,  the  almost  uniform 
wind-pollination,  and  the  small  degree  of  modification  esbibited  by  tbe 
flowers  adapted  to  pollination  by  insects,  make  it  probable  that  of  all 
the  Dicotyledons  the  Am^nlaceae  differ  less  widely  from  tbe  primitive 
form,  and  represent  phylogenetically  the  lowest  stage  of  development 
That  the  primitive  character  of  the  flowers  is  not  a  result  of  reduction, 
but  of  a  low  degree  of  development,  is  apparent  not  only  from  the 
fact  that  all  indications  of  such  a  reduction  are  lacking,  but  also 
because  the  male  and  female  flowers  have  so  evidently  not  arisen,  like 
the  unisexual  flowers  of  the  more  highly  developed  types,  from  othets 
that  were  originally  hermaphrodite. 

The  close  relation  of  the  Amerttaccae  to  older,  now  extinct,  tTpea  may  be 
asaumed  with  cerbtinty,  if  it  should  prove  that  the  Camarinaeeae  also  belong  or 
are  allied  to  this  order.  The  last-uamed  family,  as  Treub  boa  shown,  poasesaes 
peculiarities  which  distinguiah  it  from  the  Angiospenns  and  place  it  avxra 
the  Gymnoaperms,  or  even  the  Pteridophjtes  {e.g.  a  multiplicity  of  enibTyo-s«CB 
with  egg-apparatu3,  the  preaBUce  of  a  cell-wall  investing  the  atill  Hnfertilieed  egg- 
cella,  beginning  of  the  endosperm  formation  before  fertilisation).  The  Cosu^rtnocau 
exhibit  the  additional  peculiarity  that  the  pollen-tubea  do  not  approach  the 
embryo-sac  through  the  micropyle,  but  by  ]i«netrating  the  chaUia  (Chalazoqamt). 
According  to  recent  inveatigations  some  undoubted  jjmoifaceaeare  alao  chalazogamjc, 
a  fact  which  would  favour  the  inclusion  of  the  Ctuuannauat  within  this  order. 
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The  essential  variations  exhibited  within  the  order  are  limited  to 
the  female  flowers,  which  are  sometimes  hypogynouB,  sometimes 
epigynous,  and  possess  a  septnted  or  unseptated  ovary,  a  single  ovule 
or  a  number  of  ovules  in  different  positions.  These  distinctions  are 
utilised  in  classifying  the  different  families. 
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Family  Sallcaceae. — Flowers  hypogYNOUS,  dioecious;  perianth 
absent;  Discoupular  or  consisting  of  scales;  ovary  dimerous, UNILOCULAR 
WITH  NUMEROUS  PARIETAL  ovL'LKs ;  fruit  a  capsule ;  seeds  numerous, 
famished  with  a  tuft  of  silky  hairs.  Trees  and  shrubs,  bearing  simple 
leaves  without  stipules,  and  amentaceous  inflorescences  (Figs.  439, 440). 
20 
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The  funilj  conteins  only  the  two  g«neni,  Salix,  Willow,  aod  Fopulvt,  Poplw. 

The  flovrers  of  the  Willow  (Fig.  439),  unlike  those  of  all  the  other  AmeiUauat, 
are  pollinated  by  inaeota,  not  by  the  wind.  They  are  accordingly  proTided  with 
uectaties  (the  disc-scslea)  as  a  means  of  enticement,  and  the  male  flowers  have  an 
attractire  odour,  bright-coloured  antbera,  and  a  sticLy  pollen.  Hale  and  female 
catkins  have  eseentially  the  same  strncture  ;  they  are  beset  with  scale-like,  entire 
bracts,  in  the  axils  of  which  the  flowers  are  borne  singly.  Each  male  flower  possesses 
usually  two  atamena  {Salixalbaj,  rarely  three  or  more  {Salix  trioTidra,  S.  pentandn). 
The  frait  is  a  two-valved  capsule.     The  numerous  seeds  are  disseminated  by  tbe 


longitudlnaJI]' :  4,  traiuiverM  Mtliua  of  ovKrr :  5,  cupule  aud  flvEta ;  B,  fniil.    (Altec  Wossmu).) 

wind  ;  by  means  of  their  hairy  appendages  they  are  able  to  float  for  a  long  time 
in  the  air. 

The  Poplars  (Fig,  440)  are  anemopliiloua.  The  flowers,  accordingly,  are  desti- 
tute of  nectaries,  whicb  are  represented  by  a  cup-shaped  disc  The  catkin) 
are  similar  to  those  of  the  Willow,  but  with  toothed  or  lobed  bracts.  The  (rait 
and  seeds  are  like  those  of  the  Willow. 

Oeqorapbical  DrsTRiBUTiON. — The  Salicaceat  inhabit  almost  exclusively  the 
temperate  and  colder  zones,  where  they  are  often  abundantly  represented,  consti' 
tuting  an  important  part  of  the  vegetation.  They  are  especially  characteristic  of 
the  low  ground  along  tbe  banks  of  streams,  where  the  more  shrubby  WiUows 
{S.  purpurea,  Iriandra,  viininalii,  etc.]  form  thicket-like  growths,  often  overtopped 
by  arborescent  species  (S.  alba,  fragilit).  The  Weeping  Willow  (S.  babyloniea)  a 
indigenous  to  the  East. 
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To  the  genua  Pojmlut  belong,  among  others,  th«  Whitfl  PopUr  {P.  alia),  th« 
Black  Poplar  {P.  nigra),  the  A9p«n  (P.  trtmala),  all  natives  of  Europe,  and  the 
Lombordy  Poplar  (/*.  pyramidaiis),  originall}'  indigenous  to  the  E!ast. 

Officinal. — Salix  alha  and  other  apeciee  yield  Cobt£X  balicis. 

Family  Cupullferae. — Flo*era  epigynous,  monoecious,  with  or 
without  perigone ;  disc  absent;  ovary  two- to  three- locular,  with 


ONE  TO  TWO  SUSPENDED  OVULES  IN  EACH  LOCULUS ;  friiit,  a  oue-seoded 
nut.  Woody  plants  with  simple,  stipulate  leaves ;  female  inflorescences 
of  different  types  (Figs.  441-447). 

The  Cupidi/eras  are  deciduous,  or,  in  the  warmer  zones,  evergreen 
woody  plants,  with  variously  shaped,  usually  toothed  or  lobed  leaves. 

lliese  flowers  are  small  and  inconspicuous ;  they  are  adapted  to 
wind-poUination,  and  are  accordingly  destitute  of  any  special  means  of 
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attracting  insects.  The  male  flowers  are  either  naked  or  liave  a  perigone 
coDBiating  of  four  to  six  members ;  the  female  flowers  are  variously  con- 
Btructed.  The  presence  of  a  woody  CUPULE  is  characteristic  oi  many 
Cupuliferae;  it  consists  of  an  involucre  formed  of  coherent  bracts 
investing  the  whole  female  inflorescence  or  only  the  single  flowers, 
and  completely  enclosing  the  whole  infnictescence  or  the  separate 
fruits,  or  only  enveloping  them  at  the  base. 

Sl'B'Families  and  Refresestative  Geneea.  — (1)  Betuloideae.  Ovary  bi- 
Jocular;  no  voody  ciipule.  Btlula,  Birch;  Alniu,  Alder;  Corylia,  Haxet-nut; 
Carpinxa,  Hornbeam.  (2)  Fagoideae.  Ovary  with  tbree,  rarely  with  more  loculi  ; 
cupule  [ireaent.      FagtU,  Boecli  ;  QncTcita,  Oak  ;   Caitanta,  Chestnut. 

In  the  Btcch  (Fig.  441)  tbe  male  floirers  are  borne  in  small,  globose  catkins; 
they  have  a  bell-shaped  (ringed  perigone  and  numerous  gtamenB.  The  female 
inflorescence  is  comjiosed  of  two  flowers  nith  a  six-leaved  perigone  and  trimerons 
gynfficium.  Each  inflorescence  givea  rise  to  two  three-sided  nuts,  which  are 
invested  by  a  woody  cupule.  The  cupule  ia  covered  with  hard  bristles,  and  when 
ripe  splits  into  four  valves. 

In  the  Chestnut  (Caitania  vtaea)  tbe  fruit  is  also  completely  enclosed  iu  a 
cupule  until  maturity  ;  this  is  thickly  covered  with  prickles,  and  splits  into  fonr 
valves  when  ripe. 

The  Oak  (Figs.  442,  443)  possesses  long,  slender  male  catkins  with  flon-ers 
disposed  at  intervals,  and  capitate  or  spike-like  female  inflorescences.  Each  female 
flower  is  provided  with  a  scaly  cupule,  which 
ultimately  invests  the  base  of  the  solitary  nut 
("acorn").  OiUy  two  species  are  indigenous  to 
Germany,  Q.  ptduneuUUa  and  Q.  lesnlifiora, 
both  of  wliich  are  often  regarded  as  varieties  of 
the  one  species,  Q.  robur,  Ib  tbe  first  named 
tlie  leaves  have  short  stalks,  and  tbe  female 
inflorescences  are  spicate ;  in  Q.  uailifiora  the 
stalks  of  the  leaves  are  long,  while  the  female 

The  inflorescences  of  the  Hazel  (e.g.  Corylus 
Areliana,  the  eomnion  Ha/el-nut),  unlike  those  of 
thegenerajust  described,  are  developed  in  the  pre- 
Fio.  443.— eu'rruj  p(iiirncu(a(n,  Igngl-    ceding  year;  the  male  last  over  the  winter,  naked; 
tudtnti    sKtIon    of    the    frriisle    the  female  inflorescence  is  enclosed  in  a  bud  (Fig- 
flower,    b,  Tho  joung  cuiiule  ;  r,    mj_     ]„  early  spring  the  male  catkins  elongate 
°t"le*-'  ''«ti"^ '  (AnrMi^Ro  Lu    *"'*  produce  au  abundance  of  dry  pollen,  while  the 
stcKiiiDT,  magniOfil.)  female  infloresoenoea  are  distinguishable  from  the 

leaf-buds  only  by  their  larger  size  and  projecting 
red  stigmas.     Tbe  out  is  enveloped  at  the  base  by  a  sheath  of  succulent  bracts. 

In  the  Hornbeam,  Carpinus Selalus  {Fig.  ii5),  tbe  cylindricalloose  inflorescences 
make  their  first  appearance  in  the  spring.     Tbe  nut  is  provided  with  a  three-lobed 

The  inflorescences  of  the  Alder  {e.g.  Alnu>  glulinoaa,  Black  Alder ;  A.  tncano. 
Speckled  or  Hoary  Alder),  like  those  of  tho  Hazel,  are  developed  on  the  shoots 
of  the  previous  year.  The  male  are  long  and  cylindrical ;  the  female  are  moeh 
smaller,  ovoid  in  sha^ie,  and  form  cone-like  infructescences  with  two  nuts  at  the 
base  of  each  scale  (Fig.  4i6]. 
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In  the  Birch  {Alula  alba)  tlie  male  inSoreBcencsa  appear  in  autumn,  the  femiJe 
not  until  the  following  spring;  both  are  cjlindricsl  and  manj- flawered.  The 
fruit  is  winged,  and  is  borne  in  graiipeof  three  in  the  axil  of  each  bracteal  scale  ;  the 
soalee  become  detaclied  from  the  axis  and  fall  olT  together  with  the  Ihiit  (Fig.  447). 

OsoaltAPHicAL  DisTSlBUTiOK. — The  Ctiftiliferat  constitute  the  most  important 
deciduous  trees  of  the  forests  of  the  whole  northern  hemisphere,  but  only  occur  in 
the  Tropics  in  the  cooler  mountainous  regions. 


flower ;  4,  the  uiqe  Id  lou^tudiiiHl  apction ;  fi,  rnilt,  with  pericarp  partly  removed  ;  6,  tlia 
HUne  In  longiturilnal  aertion.—OrnciyAi..    (After  WoBaiDLo.) 

This  family  supplies  many  plants  of  economic  value.  The  wood  of  the  Oak  ii 
particularly  valuable  on  account  of  its  hardness  and  density,  while  the  bark  is  UB«d 
for  tanning,  and  the  fruit  aa  a  cheap  substitute  for  coffee.  Cork  is  obtained  from 
the  Cork-Oak  {Querewi  Svitr  and  Q.  otxtdevtalis)  of  Southern  Europe.  The  wood 
of  the  Beech  is  largely  used  for  firewood,  and  from  the  seeds,  Beech-nuta,  oil  is 
derived.  The  seeds  of  the  Chestnut  are  edible,  and  form  in  the  south  of  Europe 
an  important  article  of  food. 

OfficiKAL, — Thebarkof  some  species  of  Oak,  Cortex  QuKRCUS,  and  the  acorns, 
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Sbubn  QuBRctB,  are  used  medicinally.  Quereut  ttailantea  Webb.  var.  infecloria, 
indigenous  to  the  East,  producer,  when  stung  by  the  Gall-fly,  Cyuipa  gallae  tinctoriae, 
the  officinal  Gallab. 

Family  Juglandaceae. — Flowers  epigynouB,  moncBcioiis,  naked  or 
with  tetramerous  perigone ;  number  of  stamens  indefinite ;  ovary  with 

two    INCOMPLFTE    LOCULI,    enclosing    ONE    ERECT    OVULE.       AROMATIC 

treea,  usually  having  ihparIPIMNATE  leaves  without  stipules. 

In  Julians  regia,  the  Walnut  (Fig.  44B),  tha  thick,  cylindrical  male  catkins  are 
borne  in  the  axiU  or  the  fslleu  leaves  of  the  shoota  of  the  previous  year ;  the  two 
bracteoles  and  the  gamophylloua,  tetrameroua  perigone  are  adherent  and  envelop 
a  varying  number  of  stamens.  The  female  floirers  are  aggregated  in  few-flowered 
spikes  at  the  apices  of  the  leafj  shootu  of  the  same  year.  In  the  female  flowers, 
OS  ID  the  male,  the  leaves  of  the  perigone  are  coherent  and  united  with  the  brac- 
teoles.  The  large,  white  papillose  stigmas  constitute  the  most  conspicuous  part 
of  Che  flowers.  The  fruit  is  a  drupe,  and  when  ripe  it  has  a  brown,  invgularly 
splitting  exocarp  and  a  hard  endocarp.  The  seed,  which  is  deeply  lobed  in  con- 
sequence of  the  incomplete  septatiou  of  the  cavity  of  the  ovary,  consists  of  a  thin 
seed-coat  and  two  large,  oily  cotyledons  attached  to  a  short  hypocotyl. 

Obookafhical  Distribution. — The  Walnut  [J.  regia)  grows  wild  in  Greece 
and  Asia  Minor.  The  other  members  of  this  small  family  ore  forest  trees  of  North 
America  and  Eastern  Asia.  The  wood  of  several  species  of  Jugtandaeeae,  particu- 
larly of  the  Walnut,  ia  much  used  for  farniture  and  in  cabinet  work. 

Officinal.— From  Jitglana  regia  is  obtained  Folia  Juolandis. 

Allied  to  the  JuglandiKeat  is  ttio  small  family  Uyricaetae,  of  which  the  Bog- 
Uyrtle  or  Sweet  Gale,  Myriea  OaU,  growing  on  moors  and  along  the  wet  borders 
of  ponds,  is  a  familiar  example 

It  has  already  been  pointed  out  that  the  Cataannaeeae  are  probably  related  to 
the  members  of  this  alliance.  This  family  comprises  a  number  of  Australiaii  and 
East  Indian  trees  which  somewhat  resemble  the  Equiitlaeau  in  appearance. 

Order  2.  Urtlciiiae 

Flowers  hypogynous,  UBUaJly  unisexuaJ,  small,  with  SIMPLE,  CALY- 
com  FERIQONE ;  Stamens  opposite  the  leaves  of  the  perigone,  and  of 
the  same  number ;  gyncecium  one-  to  two-merous,  in  the  last  case  one 
of  the  carpels  usually  reduced  ;  ovary  unilocular,  with  one  ovule  ;  seeds 
usually  with  endosperm.  Herbs  and  woody  plants  with  thick  inflor- 
escences. 

There  are  no  very  essential  differences  between  the  Amentacau  and  Urlieinat. 
Inflorescences  resembling  the  catkins  of  the  AmenUKcae  sometimes  occur  in  the 
Urtieinat.  The  reduction  of  the  gyntecium  to  a  single  fertile  carpel  does  not 
always  take  place  in  the  Urticiiuie,  nor  ia  an  endosperm  always  present  in  the  seeds 
withoat  exception.  In  such  cases,  however,  other  characteristics  and  a  comparison 
with  allied  forms  leave  no  doubt  of  their  proper  position  within  this  order. 

Some  members  of  this  family  are  herbs,  others  are  shrubs  or 
trees.  They  have  variously  shaped,  but  always  stipulate  leaves,  and 
frequently  they  contain  a,  latex.  The  flowers,  as  a  rule,  are  wind- 
pollinated  and  inconspicuous;  they  are  aggregated  into  thick  inflor- 
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escences  and  produce  great  quantities  of  dry  pollen,  and  have  lai^ 
brush-like  stigmas.      Entomophilous  forms  adapted  to  insect-pollina- 
tion occur  in  the  Moraceae  {e.g.  the  Fig).     While  in  the  Avtentaceae 
the    structure  of    the   flowers   is   eubject  to  great  variation,    in   the 
Urikinae  it  is  more  uniform  and  constant.      The  almost  invariable 
presence    of   a    perigone,   the    haploatemonous    stamens,    the    herma- 
phrodite or,  by  reduction,  unisexual  flowers  are  indicative  of  the  high 
stage    of    development 
attained  by  this  family. 
The  fruit  is  either  dry 
and   nut-like   or   dru- 
paceous. 

Family  Dlmaceae. 
— Flowers  hermaphro- 
'  dite  or,  as  a  result  of 
suppression,  unisexual, 
with  four  to  six  peri- 
gone leaves  ;  stamens 
STRAIQHT  in  the  bud; 
ovary  dimerous,  uni- 
locular, with  one  sus- 
pended, ANATROPOrs 
ovule.     Woody  plants 

WITHOUT  MILKY  JUICE, 

with  pinnately  veined 
leaves    and    CADUCOUS 

stipules  (Fig.  449). 

Tlite  fitmily  comprises 
toll  treoa  with  two- 
ranked         unsymmetrical, 

with  leaves;  3,b  fiowor;  4, the  mine,  cut  through  longitucLi-  '   '  .      ,-.  j 

mlly:  5,  fnilt.    (Aftw  Wowidlo.)  '■^       herni.phrodite      ■nd 

clustered   in   the   aiila  of 
tlie  leaves  of  the  preceding  year.     Tlie  fruit  is  a  winged  nut. 

GBOQRArHiCiVL  DisTKiBiTioK,— The  UlmiKtae  are  forest  trees  of  the  temperale 
and  tropical  zones.  As  examples  of  the  genus  Ulrmu  may  be  cited,  Ulmai  <am- 
jKstril,  the  Common  Elm,  and  t/.  effusa,  also  the  Witch-Hazel  or  Wyoh-Elm,  L'/invj 
nwrUana,  all  native  of  Europe.  Cclli$  aiistralis,  from  Southern  Eurojie,  and  the 
Hackborry  [Cellis  ocddentalis)  from  North  America,  botli  of  which  have  drui«ceous 
fruits,  are  frequently  cultivated  aa  ornamental  trees. 

Family  Morace&e. — Flowers  unisexual,  usually  with  four  perigone 
leaves  ;  stamens  straight  or  INFLEXED  in  the  bud  ;  ovary  dimerous, 
unilocular,  with  one  SUSPENDED,  ANATROPOUS  ovule.  Mostly  trees  or 
shrubs,  rarely  herbs,  with  milky  juice  and  caducous  stipules  (Fig. 
450). 

The  Moraceae  are  easily  distinguishable  from  the  Ulmaceae  by  their 
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latex  tobea,  and  also  by  their  peculiar  inflorescences,  frequently  con- 
sisting of  numerous 
axes  which  have  become 
more  or  less  coherent. 
Especially  remarkable 
in  this  respect  are  the 

flowers  and  fruit  of  the  ' 

Fig-tree,  Fieus  carica 
(Fig.  450).  The  fruit 
known  as  the  Fig  is 
the  aggregated  product 
of  the  complete  union 
of  the  axes  of  a  cymose 
inflorescence.  The  suc- 
culent part  of  the  ripe 
fruit  consists  in  its  outer 
portions  of  the  coherent 
axes,  and  internally  of  

the      perigones'     of    the    Ki.i.  4S0.— fffMcoi-in..    l,noweHiigbninch;2,BftualpflowiT 

flowers  comprising  the      r'"i''T*','  '"".•«"'"""«" J' ;  a,  «  inai^  flo««r;  4, «  h  in 

.    „  1.1.  ■  loiigltudliial  BrTlioii.    (After  Womkidlo.) 

inflorescence.    Thepen- 

gone  of  each  flower  encloses  a  hard  nutlet,  the  whole  representing 

a  single  fruit. 

The  Moraceae  are  repreaented  in  Germany  only  by  cultivMed  species,  the  Mul- 
berry tree,"  Jform  nigra,  which  ih  of  Asiatic  origin,  and  by  the  Fig  tree,  Ficvt  carica. 


Tlie  genua  Fieut  is  the  largest  of  the  family,  and  is  especially  remaritable  on  account 
of  the  gi-eat  rsriety  of  forms  it  assumes,  the  size  and  beaiity  of  many  of  its  specien, 
•nd  its  economic  value.  The  seed  of  the  East  Indian  Banyan,  Ficus  hcngalenm, 
germinates  on  the  branches  of  other  trees,  to  irhich  it  ia  carried  by  birda.  Grow- 
iug  first  as  an  epiphyte,  it  seeds  doim  slender  roots  to  the  ground,  which  develop 
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ultimatelj  into  thick  colamna  ;  the  branching  crown  ia  the  mesatime  Womea 

euormouslj  aipandsd  horizontally,  tml  tbere  ia  fonned  a  l&rge  halt  of  columoi,  in 

the  shade  of  which  there  ie  sulEoieat  space  for  a  village.     The  tree  upon  which 

the    seed    Snt    germinated    disappears    entirely.      The    species    of   l^'Kitt   and 

the  majotity  of  the  Moraceae  occur  in  the  virgin  forests  of  tropical  countries. 

Caoutchouc   is  obtained   from   the 

latex  of  man;  species  of  Moraeeat  ; 

other  species  have  edible  fruit,  e.g. 

the  Hulberr;,  Fig,  and  the  Bread 

tree,  A  rtoeaTjnit  ineita. 

Officinal.— From  liona  nigra 
h  derived  Svrupus  mobi. 

Family  Cannablnaeeafl. — 
Flowers  typically  di<ecious  ; 
the  nmle  witt  five  perigone 
leaves,  and  as  many  stamens 
with  STECAIGHT  filaments  in  the 
bud ;  the  female  flower  haa 
an  entire,  cnp-like  perigone. 
Ovary    dimerons,    with     one 

SUSPENDED,     ANATROPOUS 

ovule.  Herbs  wiTHOirr  latex, 
with  palmately-nerved  leaves 
and  PERSISTENT  stipules  (Figs. 
451,  452). 

Genbra. — Cannabia,  Samtttus. 
CannabU  taliva,  Hemp,  is  a  native 
of  the  East  Indies.     It  is  an  annual 
herb  with  palmately  divided  leaves 
heaet  with   stiff  hairs.     The   male 
flowers    form    a    large,     profusely 
branched  panicle  with  leaves  only 
at  the  base.     The  female  flowers  are 
^"Ho™7w"''s''bi^^rith  fc™™lnfl^P^el««'-   »KS'«8»t«<^  ""to  sni»l'  spikes,  and 
8."^^™^=  i'nfloreK*™;   4,'™o  ^i^t^7n    "«  Concealed  by  numerpufl  leaves; 
wllh  brut;  G,   InfructeaceDce ;   6,  fniit.     (Afler    as  inmostcoses  ofwind-polliuation, 
WowiiDLo.)  the    stigmas   are  characteristically 

large  and  papillose  (Fig.  451>.  The 
female  plants  are  larger  and  poBse«t  thicker  foliage  than  the  male.  The  subtend- 
ing leaves  of  the  female  flowers  of  the  variety  indica  are  covered  with  glandular 
hairs,  which  excrete  resin.     The  fruit  is  a  nut  with  a  seed  conbtining  much  oil. 

The  Hop,  Sumulus  Lupulit*  (Fig.  452),  is  both  cultivated  and  tbund  wild.  It 
is  a  twining,  perennial  herb  with  hispid,  palmately.lobed  leaves.  The  male  Sowers 
are  united  in  proftisely  branched,  axillary  panicles  devoid  of  leavea  ;  the  female 
are  cluatered  into  cone-like  inflorescences,  whose  scalea  represent,  in  part,  the  stip- 
ules of  undeveloped  hypsopljylla,  in  [lart  the  subtending  leaves  of  the  flowers. 
When  ripe,  the  scales  are  covered  with  yellow  glandular  hairs  which  secrete  lupulin. 
It  is  to  the  presence  of  this  lupuUn  that  the  value  of  hops  in  brewing  is  dae. 
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Officinal. — From  Canaabit  saliva  vsr.  indiea  i»  obtaiaed  Hebba  Cahhabis 
IKDICAE.  The  glands  of  the  cone-scales  of  ffumutut  Lupulta  Itave  an  officinal 
value  as  Litfulinuh. 

Family  Urticaceae. — Flowers  unisexual  through  reductiou,  usually 
with  four-leaved  perigone  and  with  stamens  inflexed  in  the  bud; 

ovary    U0N0MER0U8,     WITH     AN     ERBCT,     ATBOPOUS     OVULE.         Herbs 

and  shrubs  without  latex,  with  stipulate  leaves. 

The  UTlicateae  are  mostly  herbs  and  shrubs  with  simple  leaves, 
which  are  often  armed  with  stinging  hairs.  The  flowers  are  restricted 
to  wind-poll inati OR,  and  are  clustered  in  thick,  greenish  or  whitish 
inflorescences.     The  fruit  is  a  nut  or  a  drupe. 

Gbogiuphical  Distribution. — The  Stingicg  Nettles,  UHiat  urena  and  dioiea, 
occur  eyerywherp  as  common  weeds.  The  majority  of  the  represcntatiTee  of  this 
family,  however,  inhabit  tbe  warmer  zones,  where  they  constitute  a  considenible 
proportion  of  the  harbacaous  and  shrabby  vegetation  of  the  primitive  forests. 

Order  3.  Poly^nlnM 

Flowers  hypogynous,  hermaphrodite,  sometimes  unisexual  by 
suppression,  genertUIy  teuherous  ;  perianth  assent  or  DEVELOPED  AS  A 

PEBIBONE  ;  ovary  unilocular,  with  a  single  basal  ATROPOUS  OVULE. 

The  Fotygoniiuie  occupy  an  intermediate  position  between  the  Urtianat  and  tbe 
following  order,  CenlTotpermae.  Eeaomhiing  the  Urlicinae  in  their  small,  usually 
greenisii,  tbichly  clustered  flowers  and  in  tbe  construction  of  the  ovary,  they  may 
always  be  distinguiahed  from  them  by  their  trimeroiia  flowers.  They  differ  from 
the  Centro3permai  in  having  atropous  ovules  and  in  tbe  trimerous  structure  of  their 

The  members  of  this  order  are  mostly  herbs,  rarely  small  woody 
plants.  They  generally  have  aies  swollen  at  the  nodes,  simple, 
usually  entire  leaves,  and  spike-like  inflorescences  with  closely-crowded 
small  flowers.  The  flowers  themselves  vary  greatly  in  structure  ;  some- 
times naked,  and  of  the  simplest  structure ;  sometimes,  by  the  dis- 
similarity of  the  outer  and  inner  leaves  of  tbe  perigone,  and  by  the 
possession  of  two  whorls  of  stamens,  they  exhibit  a  higher  sti^  of 
development  than  is  attained  by  the  Urlicinae.  The  fruit  is  either  a 
nut  or  drupaceous  in  character;  the  seeds  contain  a  mealy  albumen. 

Family  Plp«raoeae. — Flowers  naked,  typically  trimerous,  but 
usually  REDUCED ;  fruit  DRUPACEOUS ;  seeds  with  pekisperm.  Herbs 
and  shrubs  with  stipulate  or  exstipulate  leaves  (Figs.  453,  454). 

Tbe  Piperaeeae  are  found  exclusively  in  tropical  countries,  where,  as  herbs  and 
shrubs,  often  climbing  by  means  of  roots  or  living  as  epiphytes  with  inconspicuous, 
densely  clustered,  green  flower-spikes,  they  constitute  an  essential  though  not 
particularly  prominent  part  of  the  Flora.  Piper  nigrum  L.,  the  Black  Pepper 
(Fig.  453),  is  a  shrubby  root-climber  native  of  the  East  Indies,  and  is  now  cultivated 
in  all  tropical  countries.  The  unripe  drupes  of  this  species  are  familiarly  known 
as  black  pepper ;  white  pepper  consists  of  the  kernels  of  the  fruit  of  tbe  aame 
plant,  freed  from  the  eiocarp.     Tbe  perisperm  is  large  and  mealy. 
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OmciKAL. — The  dried,  unripe  fruit  of  Piper  CuUba,  a  climbing  shrub  of  the 
Subda  Islaodn,  is  tlie  officinal  Ci'beba.  It  is  distinguishable  friHD  |)epi>rr-com3  hj 
the  preaencB  of  a  »talk-like  appendage  {Fig.  454). 

Family  Polygronaceae. — Flowere  witli  single  or  double  perigone, 
typically  trimerous,  but  the  number  of  stamens  is  frequently  increased 
by  division;  fruit  almost  always  a  nut;  seeds  WITHOUT  PERlSPliRU. 


MP. 


Pict.  434.  — Kprr  Cutehi.    o,  Inmictescence :  b,  a 

male  llow«r ;  r,  ■  fviusie  flower  Id  longftildiaal 

Flo.  453.— Pijjfr  ^Igrntn,    ].  P»rt  gf  shoot         Hection;  d,  tniil  In  loii){ltiidln»l  »rBUon.—Om- 

Kltb  yountt  In'nieteweiicei' ;  s.tlpDf  fruit-         cisai.    (Afln-BinaatidScBNirT.    a,  Nat.  tin: 

spikp.    (Afl»T  WoaaiDLo.)  6,  c,  rf,  nmgiiiflHi.) 

Herbs,  rarely  woody  plants,  especially  characterised  by  alternate  leaves 
and  connate  stipules  in  the  form  of  tubular  sheaths. 

The  wild  or  cultivated  Poiygoiweae  are  herbs  with  hollow  stems 
and  simple,  rarely  lobed,  alternate  leaves. 

The  OCHBEA,  formed  by  the  coherent  stipules,  is  very  character- 
istic ;  it  first  encloses  the  apex  of  the  shoot,  and  afterwards  surrounds 
the  base  of  the  internode  and  avillary  bud  as  a  scaty  tube.  The  flowers 
are  small  and  aggregated  into  compound  spikes,  racemes,  or  panicles ; 
they  have  a  ciUycoid  or  corollaceons,  reddish  perigone,  according  as 
they  are  anemophilous  or  entomoplulous.  The  inner  circle  of  stamens 
is  often  suppressed  {Rmnex).  The  fruit  is  in  most  cases  a  three-sided, 
thin-walled  nut  with  a  mealy  endosperm. 

Pol ji'jim-am,  Knot-Ora&i,  ban  acorollaceous,  Rre -leaved  perigone  and  fire  toeigbt 
atamens.    Riiinex,  the  Dock  or  Sorrel,  poaseHses  a  sii-leaved  (3-l-3)calycoid  perigone 
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FKi.,iii.—lUieum  offciiutU,  greatly  mluced.    <An«r  Baillok.) 

Geoobaphical  Distribution.  —  Tbe  Folyjonactac  are  oliiefly  found  in  the 
North  Temperate  Zone.  Euviex  aatosa,  Son-el,  contains  a  large  smouut  of  potas- 
sium oxalate,  and  U  on  that  account  esteemed  an  a  vegetable  and  often  caltivated 
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for  that  purpose.  Other  frequently  cultivated  jilanta  belonging  to  thia  family 
are  the  Buckwheat,  Fagopymm  Mcubnfuni,  Bod  the  difierent  speciea  of  garden 
Rhnbarhg. 


Officinal.— The  rhizome  of  Hhtum  officinale  (Figs.  455,  456)  and  S.  palma- 
tum  var.  langidicum  is  the  olficinal  Radix  Rhei. 

Order  4.  Centrospermae 
Flowers  hermaphrodite,  usually  hypogynous,  pentamerous  with 

CALYCOID   PERIGONE,    OR   WITH    CALYX   AND    COROLLA,    rarely    naked  ; 

androecium    haplostemonous    ar    diplostemonouB  ;    ovary    commonly 

UNILOCULAR,  WITH  A  SINGLE,    BASAL   OVULE,  or  with  a   FIIEE-CENTRAL 

PLACENTA  and  mimeroua  CAMPYLOTROPOliS  ovulea;  seeds  with  peri- 
sperm  and  a  curved  embryo. 

The  Centrospermae,  are  for  the  moat  part  herbaceous,  rarely  woody 
plants  with  simple,  exstipulate  leaves.  The  Rowers  are  either  incon- 
spicuous, white  or  highly  coloured,  according  to  the  method  of  pollina- 
tion. As  regards  their  structure,  the  flowers  of  the  different  members 
of  this  order  may  be  arranged  in  an  ascending  series,  beginning  with 
the  simplest  forms,  resembling  those  of  the  Urticaceae  and  gradually 
advancing  to  the  more  highly  developed,  constructed  after  the  penta- 
cyclic,  pentamerous  type,  characteristic  of  the  Dicotyledons,  and  having 
a  perianth  differentiated  into  calyx  and  corolla.   The  Centrospermae 

THUS  LINK  TOGETHER  THE  APETALOUS  AND  COROLLATE  DICOTYLEDONS. 

The  unilocular  character  of  the  ovaries  in  most  members  of  this 
order  is  due,  no  doubt,  to  the  disappearance  of  the  dissepiments,  as 
in  some  cases  they  are  partly  retained  (Fig.  458). 

In  the  simplest  cases  the  flowers  consist  typically  of  three  whorls  [e.g.  Cheito- 
podiaceae) ;  the  number  of  the  whorls  is  in  other  iuitancsa  increased  to  five  (e.g. 
most  Caryophyllacfae),  but  in  other  cases  it  is  reduced  again,  by  suppression,  to  three 
(e.g.  the  CaryophyllaoeooB  PaTonychiuideae).  At  the  end  of  the  series,  accordingly, 
flowers  occur  with  a  structure  apparently  similar  to  those  at  the  beginning  ;  bat 
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in  the  reduced  flowers  one  may  oftea  distinguish  traces  of  the  suppresaed  whorls, 
which  are  not  in  onj  way  repreaentod  in  the  more  simple,  tricirclic  types. 

Family  Chenopodiaceae. — Flowers  usually  without  bracteolbs, 
with  a  single  calycoid  perigone  ;  andros- 

cium       HAPLOSTEMONOUB,       EPIPETALOUS  ; 

ovary  two-  to  five-meroiiB,  with  one 
ovuLK  Fruit  generally  a  nut  (Fig.  457). 
The  Chenopodiaceae  are  herbs  and  small 
woody  plants,  with  scattered,  often  fleshy, 
leaves,  and  greenish  inflorescences  of  small, 
clustered  flowers.  The  flowers  are  often 
unisexual  in  consequence  of  suppression. 
The  nutlets  are  filled  with  a  mealy 
albumen. 

Ckenopedium,  Goosefoot  or  Pigweed,  hermapli- 
rodite,  with  greenish,  and  after  flowering,  dry 
perianth  ;  Blilvm,  with  succulent  perianth  when 
the  frait  is  ripe  ;  Atripiex,  Orsche,  moncecious, 
with  naked  female  flowers ;  Beta,  Beet,  epigynous  ; 
Spiaaeia,  Spinach,  diiecious,  the  perianth  harden- 
ing during  the  ripening  of  the  fruit  and  adhering 
to  the  nut. 

Obooeaphical  Distbibctios.— The  Chenopodiaceae  are  for  the  moat  part 
saline  plants,  and  chiefly  occur  uear  the  ocean  or  In  deaerts  and  steppes.  In  such 
situations  they  are  tisually  developed  as  succulent  and  not  infrequently  prickly 
herbs  or  woody  plants.  The  most  important  cultivated  species  of  this  family  are 
the  Spinach,  Spinada  ohratea,  and  the  different  varieties  of  the  common  Beet, 
Beta  vulgarU,  of  which  the  most  important  la  the  Sugar-Beet,  B,  aUiitima,  Beta 
valgarii  bos  itself  probably  been  derived  by  culture  from  B.  maritima,  growing 
)t  of  the  Mediterranean. 


Officinal.— i(e(o  mtlgarU  yields  ci 
Family  Ananuitaceaa. — Flowers 
with  two  large  bracteoleit,  and  dry, 
often  highly  coloured,  perigone  ;  in 
other  respects  resembling  the  pre- 
ceding family. 

GEOORAPHICAL      DiSTaiBUTIOS. 

—The  plants  of  this  order  are 
mostly  tropical ;  but  several  have 
found  their  way  northward,  growing 
as  weeds  and  reaembling  the  Cheno- 
podiaceae  in  babit. 


e-augar,  Saccharuu. 


-  DlagraitiA    < 

uy ;  B,  SUtm,  Utcnl  walls  stwenL    (After 


Family  Caryophyllaceae. 
— Flowers  with  calyx  and 
COROLLA,  the  latter  sometimes 

suppressed  ;    andrcecium    diplostemonous    or,   by  reduction,    haplo- 
stemonous.     Ovary   rarely   with   only   one   ovule,   more    frequently 
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WITH    NUMEROt's    OVULES.      Fruit   UBually   a   capsule   (Figs.    158, 
460). 

The  Caryt^hyUaceae  are  herbs,  rarely  shrubs,  of  varied  appearance. 
They  have  opposite,  entire,  frequently  narrow  leaves  and  dichaalal 
inflorescences.  The  flowers  in  aome  genera  are  amall  and  of  a  greenish 
colour,  but  are  usually  provided  with  a  white  or  brightly-coloured 
corolla,  and  are  frequently  large  and  conspicuous.  In  many  cases  all 
the  floral  whorls  are  pentaroerous,  but  commonly  the  gyncecium  is 
two-  to  three-meroua.  The  capsules  split  at  the  apex  into  valves  or 
teeth  (Fig.  459) ;  in  a  few  cases  the  fruit  is  a  nut  or  berry. 

Si:b<Fa,milibs  and  Rkpresentative  Genera. — (1)  Alsinoidtat :  calyx  poly- 


Fio.  4iO.— Jhtnn'fryiiiiialbiiiii.    1,  InBoregcence;  -J,  ■  iiuile  (lower ;  S, ■  feDWlc  Dourer :  t,  ttait; 
i,  aevd.    (AlUr  WiHgiDui.) 

Hepulous ;  petals  with  short  clawti ;  fruit  a  capsule.  Ceraalium,  Chickweed, 
(lowers  entirely  pentaroerous.  Spergida,  Spurrej,  and  SUllaria,  Starwort  or  Stick- 
wort,  with  trimerous  ovaries  and  cleft  petals.  Arenana,  Sandwort,  diatioguislied 
from  Slellaria  by  its  entire  petals.  (2)  Faronychiuideae :  ca\ys  polysepalous ; 
corolla  naDtiug  or  reduced  ;  ovary  with  ooe  ovule  ;  fruit  a  nut.  Sclerantkui, 
Knawel ;  Hemiaria,  (3)  SUeiuiideae  ;  calyx  gammepaloUB  ;  petals  with  long  claws  ; 
fruit  a  capsule.  X>/cA»u,  Campion,  with  pentamerous  ovary  ;  ^if«n£,  with  trimeious 
ovary  and  six-toothed  capsule.  Dianlhta,  Pink,  with  trimerous  ovary  and  four- 
toothed  capsule.  Tba  flowers  of  this  group  often  have  ligular  appendages  to  the 
petals  at  the  throat  of  the  corolla. 

Geogkaphu'AL  Distribution. — The  Caryophyllaetat  are  cosmopolitan  in 
their  geographical  range,  but  they  prefer  the  temperate  and  colder  zones,  where 
they  are  represented  by  numerous  species  growing  in  the  moat  varied  dtuationa. 
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Poisosovs.—Agrostemma  (Lydinia)  Gilhayo,  Coru-Cockle  (Fig.   180),  a  h«iry 

weed,  reaching  a  height  of  80  em.,  comnioo  iu  grain-fielda,  with  narrow  leaves, 

violet  -  coloured      Hoivern,      and 

many- seeded  capsules.  The  seeds 

when  abundautly  mixed  with  tlie 

grain  give  the  flour  toxic  pro- 

]>ertiea.      Saponaria    nficinali), 

the  common  Soapnort  or  Bonn- 

cing  Bet,  a  stout  perennial  «itJi 

clustered,  rose'Coloured  flowers. 

The    saponin   contained    iu    all 

parts   of   the    plant   renders   it 

somewhat  poisonous. 

The  following  le!<s  important 
families  are  also  included  in  the 
order  Ccnlroipcrinae. 

X^i/Ctaginaccae. — Perigoue 
single,  often  corollaceous,  jier- 
sistent  afler  flowering  and  invest- 
ing the  fruit.  Uostly  tropical 
plants.  Species  of  the  genus 
MirabilU  belonging  to  this 
family  are  often  cultivated  in 
gardens. 

Aiwaetae. — Flowers  typically 
consisting  of  three  whoria  ; 
stamen's  often  doubled  and  iu 
[«rt  petaloid ;  ovary  miilti- 
locular.  Succulent        plants, 

chiefly  occurring  iu  South  Africa. 
Many  species  of  Alcuiabryaa. 
Uiemum  are  cultivated  as  orna- 
mental plants, 

Fhytolaccaeec^.^'It  represent- 
ative species  of  this  family  is  the  common  Pokeweed  or  Pigeon  Berry,  Fhylolium 
deaindra,  of  North  America  ;  fruit  a  berry  with  strongly  purgative  properlies. 

Portulaeaceae. — Calyx   dimerous.      Succulent    berbs,   of  which   tlic  common 
Purslane.  Porlulaca  oUrmea,  is  a  familiar  example. 


iO.— jtjroWemBin  Oil*ojo  (|  n»t.  «iie).— Poiso.vorg. 


Order  6.  Polycarpieae 

Flowers  hypogynoua  or  perigynoiia,  hermaphrodite,  partly  or 
wholly  SPIRAL,  with  NI'MERous  stamens  and  FREE  CARPELS  ;  seeds  with 
eadosperm. 

This  order  compriees  herba  and  woody  plants  of  very  different 
appearance,  their  relationship  being  only  revealed  by  the  structiiie  of 
the  flowers.  The  type  is  most  accurately  represented  in  such  forms  as 
have  at  least  an  acyclic  andruecium  and  gyncecium,  with  DUmeroiis 
stamens  and  carpels  inserted  on  a  convex  axis  (Fig.  461).  Flowers 
constructed  in  this  manner  are  the  rule  in  the  EaHiincuIaceae,  Magiioliactae, 
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and  Awmac^ae.  These  three  large  families  form  a  central  groQp 
about  which  the  families  with  flowers  less  typically  developed  may 
be  arranged.  The  most  uniform  characteristic  of  the  whole  order  is 
the  apocarpous  gynoecium,  although  in  the  Nymphofocau,  in  some 
Banuncalacme,  and  also  in  the  Lanracene,  the  systematic  position  of 
which  ia  somewhat  uncertain,  the  carpels  are  more  or  less  united. 
The  convex  flower-axis,  the  spiral  arrangement  of  the  parte,  the 
numerous  stamens,  are  usual,  if  less  constant,  characteristics  of  this 
order.  There  are  included  in  the  Potycarpkae,  as  is  frequently  the 
case  in  other  orders,  isolated  groups  which  do  not  exhibit  a  single  one 
of  the  distinctive  characteristics  of  the  order,  but  which,  nevertheless, 
show  such  marked  affinity  to  other  undoubtedly  typical  groups,  that 
they  must  be  regarded  as  belonging  to  the  same  general  alliance. 

Tiie  order  in  which  the  cJifferent  fftmilies  are  Danied  is  not  iDtendMl  to  be  in- 
dicntive  of  their  jrelative  position  with  rrgard  to  each  other,  in  >n  sscending 
series.     Linked   to  the  SanuHculmfae,  on  the  one  side,   are  the  Nijm^aeaeeae 


Fio.  «l.— Flower  of  BnBimtiJiu 

and  Ctratophyllaetae,  and  on  the  other  the  Magnotiauae  and  allied  ramilicB ;  while 
the  Berbcridaceae,  ifenisperniaefai:,  and  perhaps  also  the  Lauraeeae,  fonn  a  separate 
subordinate  alliance  within  the  order. 

Family  Rauunculaceae. — Flowers  uypogynous,  usually  actino- 
morpbic ;  very  rarely  cyclic,  usually  acyclic  throughout  or  so  at  least 
in  the  andrcccium  and  gynoecium ;  perianth  single  or  double,  in  the 
last  case  frequently  with  coroUaceous  calyx  and  petals  abnormally 
developed,  most  commonly  as  nectaries ;  stamens  indefinite,  usually 
numerous;    pollen-grains  with   TWO  TO  THREE  PORES;    carpeb    in 

INDKFINITE,  OFTEN  LARGE,  NUMBERS,  USUally  FREE;  SOedsWlth  albumOD. 

Herbs,  rarely  woody  plants,  with  alternate  leaves  without  0IL-OL.4NIS 
(Figs.  461-470). 

Most  Bantmculaeeae  are  medium-sized  herbs,  frequently  with  a 
radical  rosette  of  deeply-lobed  leaves  and  sparingly-leaved  fertile  shoots. 
The  flowers  are  usually  conspicuous,  often  solitary,  and  then  terminal 
or  axilIary,'or  sometimes  aggregated,  in  loose,  and  more  rarely  compact, 
racemose  orcymose  inflorescences.  Insect-pollination  is  universal,  and 
has  produced  corresponding  adaptations  to  it  in  the  flowers,  such  as 
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the  bright  colour  of  the  perianth,  or  when  it  ia  reduced  as  in  the 
apeciea  of  Thaliclruin,  of  the  andrceciiini,  and  the  development  of 
nectaries  (Fig.  462).  The  nec- 
taries are  developed  either  as  small 
depressions  at  the  base  of  the 
petals  {Kannnculus),  or  the  whole 
petal  is  transformed  into  a  cup- 
shaped  nectary  (Belhboras,  Aeoui- 
tiim). 

According  to  viewH  at  one  time 
largely  held,  aiich  "  honey -leaves"  and 
also  the  petals  of  Samincului  ivere  re- 
garded as  ataminodia. 

The  carpels  of  the   Ramtncn- 
laceae    are    converted    at    matu-   f-'""- «^— '.  pio""  of  ,i™n«iim  A'nprHia.- 2, 
rity     into      capsules     {Ilelkbonis,       „,at.   (An»r  Womiklo.) 
Acffnitum,    Fig.     463),    or    as    in 

7?(i»ujK«/Ks(Fig.  464)  and  Anemme,  into  nutlets  or  achenes,  frequently 
having  long,  feathery  appendages  (Clematis,  Pulsatilla,  Fig.  470),  or, 
less  frequently,  into  berries  {Arlaea,  Hydrastis). 

Eeprbsestativk  Geseba, — With  Cafsuf-es  :  Jfigella,  carpela  syncarpoua ; 
Paeania,  Callha,  with  coroUaceaus  calyx  and  no  corolla  ;  AquiUgia  (Columbine), 
Roirers  cyclic,  wibh  sjiurred  petals  ;  Aeonitum  (see  under  Poisonous)  ;  De/pMnium 
(Larkspur),  flowera  lygomorphic,  one  sepal  with  long  spur.  With  Hctlbts  ; 
Ilannneultis  (CronToot,  Buttercup),  vith   green   calyx  and  usually  irith  yellow 


(uiOiize);  t>,  sn-d{x:!). 

corolla,  petals  with  nectaries  ;  Adonis,  Anemime,  with  single  corollaceoun  i>erigone  ; 
Thaltetmiii  (Meadow-Rue),  with  small,  greenish  perigone  and  long  stamena  ; 
Clematis,  climbing  plants  with  op["oaito  leavea,  flowera  with  single,  eorollaceoua 
jwrigone. 

Gboobafhical  DlsTBlncTiON.— Tlie  BnnuHcvlacaie  are  represented  chiefly  in 
the  North  Temi>erate  Zone.  Many  are  favourite  ornamental  planta,  eapeeially 
difTerentapecieaor/'airDitiV?,  ChuialU,  Aquihgia,  Ki'jtUa,  Adonis,  and  the  Christmas- 
Roae,  HcUtborus  ni'jer. 


bvGooglc 


l>,n.\«pBllu.anAl., 


PHANEHOGAMIA 


Poisonous. ^The   whole   family  is  eitraordinarily  rich  in    toxic  principles, 
nhich  are  so  abundant  in  many  species  as  to  render  tliem  dangerously  poison- 
ous.    The  followlDg  may  be  cited  as  the  most  poisonous  planta  of  the  Sanun- 
■  euUKtae. 


All  the  species  o{  Acoiiilum,  in  )jarticular  A.  Kapdlus  and  A.  Lycoctonum. 
The  former  (Fig.  488)  is  a  perennial  plant  with  tubers,  one  of  which  dies  in  the 
autumn,  while  the  other,  aa  in  the  Ordiviacme,  gives  rise  to  a  new  plant  in  the 
succeeding  spring.  The  leaves  are  palmately  divided,  dark  green  on  the  upper  snrbce, 
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aixl,  like  tlie  whole  jilsnt,  they  we  entirely  devoid  of  hsira.   Tha  flowers  are  clustered 

ill  Bimpte  or  sparingly  branched,  termiDBl  rocemea,  and  are  distinctly  Eygomorphic 
(Fig.  462).  One  of  the  five  dark  violet  aei«ls  is  helmet-shaped  ;  two  of  the  petals 
are  tranafonned  into  hood-sliaped  nectaries  raised  on  long  claws,  while  the  others 
arc  reduced  to  filamenUius  rudiments  ;  the  nnnierous  stamens  suironnd  tiiree 
apocarpous  eariiels,  each  of  which  produces  a  follicle  at  maturity.  Aconitum 
LycnctimiiiH  (Kig.  467)  has  smaller  yellow  flowers,  and,  instead  of  tubers,  a  slender 
rhizome.  A.  rarlegatmn  and  A.  Stwrekeanum,  allied  to  A.  Xapelliit,  are  also 
e.\tremely  jioisonous. 

All  the  s[ipcies  of  Saiiiiuciihu  are  also  more  or  less  [Kiistinoua.'  R.  KtUrattit, 
Celery-leaved  Crowfoot,  probaldy  one  of  the  most  uoxious  species,  is  a  glabrous  herb 
with  three'jolivd,  somewhat  fleshy  leaves  and  small  light  yellow  flowers  (Fig.  469). 
The  Tall  Crowfoflt  or  Buttercup,  k.  acrit,  is  the  frequent  cause  of  poisoning  in  cattle. 
It  has  a  hairy  nttm,  palmately  divided  leaves  and  bright  yellow  flowers.  The  Marsh 
Marigold,  Cn/t/ia  palualri)  (Fig.  466),  though  leas  j>oiHonous,  is  a  source  of  danger 
to  children  on  account  of  its  frequency  and  attractive  flowers.  Htlleborua  foetidus. 
Bear's  Foot  (Fig.  4651,  a  large  glabrous  perennial,  Iiaa  palmately  divided  leaves  and 
yellowish  green,  somewliat  bpll-shajwd,  flowers  with  numerous  stamens  and  few 
carjwls.  The  {K'rianth  consists  of  a  large-leaved  calyx  and  conical  honey-leaves  : 
the  carpels  when  ripe  become  follicles.  Both  the  Green  Hellebore,  ff.  mridis,  and 
tile  Christmas- Rose  or  Black  Hellebore,  H.  nigrr  (with  reddish  white  flowers),  arc 
also  jwisonous.  Species  of  Ailimia  {'..g.  A.  rniuili'i),  Anemoae  (in  particuUr  A. 
iteiiioroaa,  and  even  more  so  A.  Pulinlilla,  Fig.  470},  ClcuuilU  and  Delphittittnt 
(I'sikct^ially  IK  Slnphyttiyn/i)  are  also  poisonous,  but  in  a  less  degree. 

OcFlclSAi..— The  tubers  of  yffowiVHj'i  Xajiflliis,  also  the  root  and  rhizome  of  the 
Orange  Boot,  Ifydrnslii  mnfuleimB  (North  America),  are  oflicinal. 

Family  Nymphaeacflae. — Flowers  hermaphrodite,  hj-pogynouB  or 

epigynous,  actinomorphjc,  with  calyx  and  corolla,  cyclic,  or  exclusive 

of  the   perianth,  ACVclic  ;  aDdroecium  and  gyn- 

aciiini  usually  POLYKlEROUs ;  carpels  apocarptouB 

or  syncarpous.     'VA'ater-plants,  usually  with 

LARliK  FLOATIX(i  LEAVES  (FlgS.  -171,  472). 

In  the  fruits  and  flouers  of  this  family  but  little  uni- 

fomiity  is  exhibiteil.     Some  forms  closely  resemble   the 

/ioBiiJuiu^nfcnc,   while  others  {^Nymphaeo;   Vittoria )  differ 

I'saentially  from  them  ami  represent  a  much  Idgher  stage 

j-i  .-V      J.  "'^  development.     Some  sj)ecies  arc   very  similar  to  the 

nranLiiiuBTHiii""'        Pnp«Teracr/ic  in   the  structure  of  their  fruit,  and    some. 

again,  show  a  great  similarity  to  other  families,  so  that  the 

jVi/ii>j<A»[-"t'C((f  must  he  regarded  as  forming  a  transitional  group  connected  in  many 

respects  with  other  orders. 

Familiar  examples  of  this  family  arc  alfonlcd  by  the  Yellow  Pond -Lily,  Xuphar 
(hypogynous,  with  five  se[ials),  and  the  Water- Lily,  Nymphncn  (epigynous,  with  four 
Re]>alK,  Fig.  472) ;  both  have  multilocular  ovaries  and  spongy  berry-like  lruil> 
(Fig.  472,  4).  No  deflnite  line  of  demarcation  can  l>e  drawn  between  petals  and 
stamens,  as  the  |)etnls  puas  into  the  stamens  by  a  gradual  transition  (Fig.  472,  3). 

GEonnAnilcAL  Distbidutios. — The  Nymphacaccae  inhabit  chiefly  the  Tropics. 
To  this  family  belong  the  Sacred  Lotus,  Kdiiiaiiuia  speeiotviii,  and  rictoria  Ttgia 
from  the  Amazon,  noted  on  account  of  the  enormous  size  of  its  loaves  and  the 
iHjauty  of  its  flowers. 
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Family  Ceratoiihyllaceae. — Flowers  Binall  and  greeuieb,  with  [)ol7iDerous  peri- 
s  sUmena  iiiaert«d  upon  a  convex  receptacle,  and  one  carpel.      A 


atoges  In  Ilie  tnimltioii  rroiii  ;»tala  to  staiiiens ;  4,  frulL    (Affr  W0991DLO.) 

small   family  of  submerged   water-plants   {e.g.    the   Horuwort,   Crralophylluiit  de- 
mertiim),  allied  to  the  JVympkaearriif. 

Family  Ha£l>oUaoeae. — Flowers  as  in  the  Jiamincuiaceae,  but  the 
potlen-grains  have  only   ONE  GERM-PORE.     Woody  plants   with  oiL- 

UELLS. 

The  ifagnoiiaceae  ar«  forest  trees  of  the  tropical  and  tem]ierate  zooca  of  AbEb 
and  America,  usually  bearing  large  and  Wautiful  flowers.  Several  species  are 
cultivated  as  oroaraeutal  trees  {3lagiu>lia,  LiriodendTvit). 

The  fruit  of  Ilticiitin  religiosum,  indigenous  to  Jajian,  U  poisouoiis,  ami  also 
that  of  /.  anitalun,  the  Star  Auise,  native  of  China. 

The  Magnotiaecae  are  closely  related  to  the  Aaoaaixae,  a  large  and  purely 
tropical  family,  characterised  es]>ecially  by  a  ruminated  endosperm  ;  tbcj  are  also 
allied  to  the  CalyanUkoceae  (North  America,  North  Asia)  aud  HuiiiMiucrac 
(Southem  Tropical  Zone).  Perigynous  flowers  are  the  distingnisbiug  characteristic 
of  the  two  laHt-uamcd  families. 

Family  Kj^iiiticocaaa.  —  Floners  dkeueol's,  cyclic;  perianth  simple,  gamo- 
phyllous;  STAMENS  i:siTEl) ;  ovary  monomerous,  with  one  ovule;  fruit  resembling 
a  beny,  but  dehiscing  at  maturity  ;  seeds  with  brakched  aI'.il  (mace)  and 
ruminated  endosperm  (Fig.  173).  Tropical  forest  trees  of  the  Old  and  New  'Worlds, 
characterised  by  the  occurrence  of  oil-cells. 

Officinal.  — The  seed  freed  &om  its  onter  integument  (SrmemMviiisticae), and 
also  the  aril  (Mace  ;  Ol.  Macidis)  of  the  Nutmeg,  M-jrMiai  frmjraia,  are  officinal. 
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M. — Flon-era  hypogynons,  BKBcmrs,  cyclic,  cooaisting 

throughout       of      TBIMEROfa 

'*  WHOKLs ;   periauth   of   more 

FKEE  CABPEL9.  Climbing 
tropical  pUnLs. 

Officisal.  —  Jatcmrhizn 
Oalvmha  atfords  RjiPts 
Calumbae. 

Family    B«rb«ridAeaa«.— 

Flowers    UEBUAPUKOIIITE, 

IVITH  0KB  CATIPEL,  Otherwise 

jL  as  in  the  precediDg  family; 

antllers  usually  dehiscing  by 

Fici,  4T9. -a,  Prultof  iTyruli^  mns-AiiiVi  after  iTinovnl  of  tli«    valves.       Herbs    and    noody 

ftTHil  vatve ;  /,  pericarp ;  g,  aiiJ  t  h,  Ked ;  i,  cbalaza  (|  oat.    plaQts* 

s1j*);b,aeed,cutthnmghloiigiluJijiallr;ii,«ril;  A.outer  A   familiar  represeBtative 

liit,.Kume«tlnt«m,pl*d  at  r  by  the  ™i,he;«  albumen;    ^^  ^^^  „    f      ,,      j^    ^^ 

n,  eiiibno  (nat.  site),  —  Ow/r/.vx/.,     (ARer   BEHn   ami  n    i     •  . 

BcHHiBT.)  Barberry,    Berbem    vulgans 

(Fig.   471).     Species   of   Ma- 
honia  and  Epimtdium  are  cultivated  as  garden  plants. 

Officinal. — Podophytljim  petiatma.  Mandrake  (N.  America),  yields  Rhizoma 

PUDOPHYLLI. 

Family    Lauraeeae. — Flowers   perigynous,   cyclic,    consisting 


.  u  « 

a-lrionitThn, 
tadioallj. 

cut  thtomth  1 
<-.  BeeeptHclf 

.—llrrbrrlt    iwliwrij.    1,  FlowBiing 

bmnch ; 

c,  inner   leart 

■  cut  through  loiigiUdluslly ;  3. .  i*U 

Ll;4,aBls 

i«rigone;    . 

VBlveH  of  anther  opwi ;  5,  the  Ham 

pi-til  ;  t,  0 

vule.    (After  i 

;  U,  fruit.    (After  H'ossinLO.) 

and  ScHHiin 

r,  uingiiilled.) 

throughout  usually  of  triracrous  whorls ;  perianth  calycoid,  small ; 
stamens  generally  in  four  whorls  ;  anthers  with  valves  ;  gyn- 
ojcium  SYNCARPOUS  ;  ovaiy  unilocular,  with  a  single  suspended  ovule ; 
seeds  without  albumen.     Aromatic,  woody  plants  (Fig.  475). 
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The  majority  of  Lauraceae  are  trees  with  elliptical,  entire  leaves 
and  small  iucouspicuous  flowers  aggregated  in  heads  or  panicles. 
The  fruit  is  a  berry  or  drupe,  and  is  often  surrounded  at  the  base  by 
the  persistent  receptacle.  All  parts  of  the  plant  contain,  as  a  rule, 
ethereal  oil  accumulated  in  special  cells. 

Geoooapuical  DlsruiBUTlON. — To  the  Lauraceae  Wioag  many  of  the  most  im- 
portaut  treesortbe  warmer  countries  of  both  hemiapherea ;  the  order  is  almost  wholly 
unrepresented  in  the  Temperute  Zone.  Europe  poaBesses  but  one  species,  Laurua 
luibitu.  Sweet  Bay  (Mediterranean),  a  small  evergreen  tree  with  white  flowers 
clustered  in  axillary,  capitate  inQorescencoa.  The  Howers,  which  are  dimerous,  and 
have  bilocular  anthers,  produce  a  dnipaceous  fruit.  The  only  herbaceouB  genua  is 
Caisytha,  B  widely  diatributed  tropical  group  of  parasites,  resembling  the  Dodder 
io  appearance  and  habit. 

Officinal.— The  fruit,  Fructus  Lauri,  otLaunta  nobilU;  the  bark  and  wood, 
SAasAFBAS,  of  Saim/Tos  officinale  (a  diiecioua,  deciduous  tree  of  North  America)  -, 
the  gum,  Camphoea,  obtained  from  pinnamomum  Campkora  (an  evergreen  tree, 
native  of  China  and  Japan)  ;  the  bark,  Cortex  Cinsamomi,  of  Cinvaiiuimuni  Caesia 
(a  shrub  of  Southern  China),  and  of  the  Ciniiamon-tree,  Cinnamomam  zeytanicum 
(Ceylon),     The  latter  is  no  longer  officinal  in  Germany. 


Order  6.  Rlioeadinae 

Flowers  hypogynons,  hermaphrodite,  predominantly  dimekous. 
Perianth  consisting  of  three  two-  or  four-merous  whorls ;  androecium 
of  two  two-merous  whorls;  gyncecium  dimerous,  syncarpous;  ovary 
UNILOCULAR,  with  PARIETAL  PLACENTA  Herbs  with  alternate,  simple 
leaves  without  stipules. 

The  Jlhoeadinae  constitute  in  themselves  a  natural,  sharply  defined 
order,  and  apart  from  the  slight  resemblance  displayed  in  some 
instances  to  the  Nympliaeaceae  they  exhibit  no  marked  alSnity  to  other 
groups.  The  type  of  the  order  is  best  represented  by  the  genus 
Hypecoam,  in  which  the  flowers  are  constructed  throughout  of  simple 
dimerous  whorls.  In  the  largest  families  of  the  order,  the  CVwa/erfc' 
and  Capparidaceae,  the  corolla  ia  tetramerous,  alternating  with  the  two 
decussate  whorls  of  the  calyx.  It  is  often  assumed,  but  without 
confirmatory  evidence,  that  in  such  cases  the  four  petals  are  derived  by 
duplication  from  a  dimerous  corolla.  The  greatest  variation  is  shown 
by  the  andrcecium,  which,  in  consequence  of  the  multiplication  of  its 
members,  or  more  rarely  of  the  whorls,  frequently  consists  of  more 
than  four  stamens.  Even  in  such  cases  the  derivation  from  the 
typical  structure  is  generally  recognisable.  In  the  Cnpparidaceae,  the 
successive  processes  in  the  evolution  of  the  andrcecium  are  particularly 
apparent ;  in  this  family,  all  transitions  occur  from  a  2  +  2-merouB 
androecium  to  one  that  has  become  polyroerous  by  repeated  splitting ; 
a  reduction  of  the  androacium  to  one  whorl  is  also  exhibited  by  some 
members  of  the  family.     The  gyncecium  usually  remains  dimerous ; 
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a  multiplication  of  its  carpels  has  taken  place  only  in  a  few  cases 
(Papaver). 

Family  Craclferae. — Flowers  actinomorphic  ;   calyx  of   two 
TWO-MKROUH  WHOBLH  ;  corolla  TETRAUEROUS  ;  androBcium  consisting  of 

AN  OUTER  WHORL  OF  TWO  SHORT  STAHKNS 
AND  AN  INNER  OF  FOUR  IXJNG  STAMENS  DIS- 
POSED IN  PAIRS  ;  gyncecium  always  dimer- 
ous ;    ovary  DIVIDED  BY    FALSE    DISSEPIMENTS 

INTO  TWO  LOCULi.  Fniit  rarely  indehiscent, 
usually  a  capsule;  seeds  without  endo- 
sperm; embryo  curved  (Figs.  476-479). 

The  Crwci/erae  are  glabrous  or  hispid  herbs 
(rarely  small  shrubs)  with  entire,  toothed  or 
lobed  leaves.  The  white  or  yellow  flowers, 
rarely  red  or  violet,  are  generally  small  and 
a^regated  into  racemes,  usually  without  bracts  and  bracteoles.  The 
flowers  of  the  infloi'escenceB  develop  so  gradually  in  acropetal  succes- 
sion, that  frequently  the  ripe  Fruit  is  already  produced  at  the  base  of 
the  raceme  while  the  apex  of  the  axis  with  its  undeveloped  buds  is 
still  in  process  of  elongation  (e.g.  VupsdUi  bursa  jxistims}.  Although 
the  colour  of  the  petals,  and  also  the  nectaries  at  the  hase  of  the 
stamens,  undoubtedly  represent  an  attractive  apparatus  for  insects,  self- 
pollination  is  of  frequent 
occurrence  in  this  order. 
The  capsules  are  either 
much  longer  than  broad,  ( 
and  are  then  distinguished 
as  siliqUjE,  or  they  have 
the  form  of  short  and 
broad  SiLiuUL*  (Fig.  478). 
Indehiscent  fruits  (Fig.  4  7  9 ) 
occur  less  frequently. 
They  are  often  lomentace- 
DUB  in  character  and  sep- 
tated  transversely  by  false 
partition  -  walls,  breaking 
when  ripe  into  a  corre- 
sponding number  of  seg-  ' 
ments.  A  fmit  of  this  F'o- 
nature  is  termed  a  JOINTED  ''^ 
SILIQL'A.  The  two  forms  I 
of  fruit,  dehiscent  and  in- 
dehiscent, do  not  differ  essentially  in  structure :  both  are  sometimes 
borne  by  the  same  plant.  Many  Cruci/erae  contain  a  pungent,  nitro- 
genous or  sulphurous  ethereal  oil,  which  exists  in  an  unconibined  state 
in  the  vegetative  organs  (e.g.  Horse-Kadish),  but  in  the  seeds  {e.g. 
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Mustard  seeds)  it  is  combined,  occurring  in  combination  with  other 
•ubstances,  from  which  it  is  freed  in  the  presence  of  water. 

The  division  of  tbs  Cntciferae  into  Bub-families  presenta  great  difficulties. 
The  old  classification  proposed  bj  Ll^'^'XL's  is  now 
regarded  as  too  ttrtifioial.  According  to  tbe  nature  of  the 
fruit,  LinniEU9  lirst  distinguished  the  two  groups  Sili- 
quvMe  and  Siliealoiiae :  these  he  further  divided  into 
Siliqtuaae  iHKamtntaceat,  with  jointed  ailiqus,  and 
Silvmlotat  nueanKtUactae,  with  iudehiscent  rniits.  The 
Silieuloane  delttteenles  were  afterwards  divided  by  A.  P. 
DK  CAhDOLLB  mto  S  lolisiptae,  with  brood,  and  S. 
angmtutptae,  with  narrow  diaaepimcnta. 

Another  classification  frequently  employed  at  the 
present  tima  is  that  of  db  Can'i>olle  based  on  the 
position  assumed  by  the  embryo  witliin  the  seeds — (1) 
XotBrlit:eiu  cotyledons  flat,  with  tho  radicle  lying  on 
the  surface  of  one  of  tbeni ;  diagram,  Q  '■  (3)  Orlhop- 
lotrae    cotyledons  folded,  the  radiole  lying  in  the  groove  _ 

of  one  of  them  ,  diagram,  0»-  W  PkurnrkUfae :  '"''a.'^'^ui^'jZ''ffU^'^-i'' bt- 
radicle  lateral  to  the  two  cotyledons  ;  diagram,  Q  =.  rtaw).  (After  Wouidlo.) 
(4)   Spirolobeai:  cotyledons   spirally   rolled     diagram, 

Q.  '.  (5)  IHpUculobeae :  cotyledons  doul  ly  folded  ;  diagram,  O"  i!i"-  Prantl 
has  lately  adopted  a  more  natural  classilicit  on  in  which  different  organs  (stigma, 
nectariex,  diBsepiments,  hairs)  are  taken  into  coi  sideration.  The  old  clossilicB- 
tion  of  LiNXiBi'ii  and   DE  Cand  r  t  i-   has  been  used  on  account  of  its   givater 


;  Gkseba.  — (1)  Stltquotae  dthiscenles :  Cardainim  (Bitter 
Cressj,  w*ith  elastic  valves  ;  Arabia  (Rock  Cress) ;  Barbarea  (Winter  Cress) ;  Naa- 
turtium,  in  some  cascit  with  short  siliqtue  ;  CheiraiUhui  (Wall-flower) ;  Malikiola 
(Stock);  Sitymbrium  ( Hedge- Mustard ) ;  £ryni»uni  (Treacle.Hustard)  ;  BTOsska  ; 
Siaapis  (Mustard).  (2)  Siliqaome  loinenUueac ;  Crainbe  (Kale),  Oakilt  (Sea  Rocket), 
both  strand  plants ;  ICajiha>in»,  the  siliqua  of  the  Garden  Radish,  Jl.  tntivus,  is 
sjMiigy,  not  dividing  into  segments  when  ripe  (Fig.  477). 

(3)  Silieulome  dthiscenles  latiseptae:  Cuehlearia;  Draba 
(Whitlow  Orass),  silieulae  lanceolate,  somewhat  com- 
pressed;  Aly$tuin ;  Lunaria  (Honesty),  silionlte  very 
broad  and  Hat,  with  long  stalks  ;  Cameliaa  (False  Flax). 

(4)  Siticuloaac  dehUecntea  angaaiiaeplae  :  T/ilaspi  (Penny 
Cre^),  siliciilie  flat,  circular  or  cordate  ;  Ibcris  (Candy- 
tuft), the  racemes  are  corymbose,  with  marginal  flowers 
slightly  zygomorphic;  t'apielia  (Shepherd's  Purse), 
siliculie  triangular;  Leptdium  (Pepperwort).    (&)  SUicu- 

Fio.  ITB.— 1,  Fnilt  of  I  ^yi-   luKu  nueamentaeene :  Isatia  (Wood). 

cnbH.   lomtmixaa   {Xaiic         Gboobaphical  DisTWBUTWN.— The   Crudftrae  are 

^i^^"'^'i;"',!","'^  '"   chiefly  found  in  the  North  Temperate  Zone,  growing  in 
mtduin.  kingitniiinnl  nee-      .        ^  .    ,  r       ■  >  o  o 

tloL.  (An«- woaaiDUK)  the  most  varied  situations.  Cultivated  srBCiEs  of 
this  order  are  :  Braisiea  okracea,  the  Cabbage,  in  numer- 
ous varieties  ;  the  primitive  form  grows  wild  along  the  const  of  Western  Europe  ; 
Brat»ica  Napiis  var.  oltifcra.  Rape  ;  var.  Na^iobrnaai^i,  Turnip  Cabbage  ;  Braaaica 
Sapa,  Turnip  ;  var.  otii/era,  Colza  ;  B.  nigra.  Black  Mustard  ;  Sinajiia  alba, 
White  Mustard  ;  Lepidium  aativum,  Garden  Cress  ;  A'aaluTliwii  ojieiiuilr.  Water 
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Creea  ;  CoAUaria  Armoraeia,  Horse-RadUh  ;  Raphanui  mUivui,  Garden  Radiali ; 
Cani,etiita  taiiva,  Oil'Seed  or  False  Flax. 
Officinal.  —Brasnea  nigra,  the 
Black  Mustard,  yields  Semen 
SiHAFts.  Hbrba  Cochi.f.abiae  ia  ob- 
tained horn  the  herbaceous  parts  of 
CoJitearia  O0einalis,  Scurvy  Grass, 
a  glabrous  herb  growing  wild  on  the 
'  soa-coaat,  bearing  white  flowers  and 
globose  silicule. 

Family  CsppvidMau.  —  Flowers 
usually  ZYUOHOBPHIC  ;  perianth  as  in 
the  CruH/erae ;  andnecium  4  -  «  ; 
gynn'cium  2  -  «  ;  ovabt  stalked  ; 
SEEDS  WITH  OCT  EMtMSPERM.  Herbs 
and  shrubs  of  the  warmer  Mmes. 
The  flower-buds  of  Capparis  jpiwxa,  a 
Mediterranean  shrub,  are  familiar  as 
capers  (Fig.  480). 

Family      FumaFlaceae. — 

Flowers  transversely  zygomor- 

..     PHIC  ;  calyx  dimerous  ;  corolla  of 

Kia  *S(i.-Cnt!jori,.p(n«n.   I,  Flowering  brtoch ;   TWO   DIHBROUS   WHORLS;   ftlldrce- 

(After  woeaiDLo  )""°*  '"  """""^  Mction.  pjym  Usually  consisting   of  two 

TRIPARTITE    STAMENS ;   gyiKScium 
dimerous;    SEEDS  WITH  ENDOSPERM  (Fig.  481). 

The   plante  included  in  this  family  are  glabrous,  often  glaucous 
herbs  with  divided  leaves.     The  flowers  are  disposed  i 
in  florescences  with  both  subtending  bracts 
and  bracteoles,  or  in  some  cases  with  bracts 
only.      One    of    the    two    outer    petals   and 
sometimes  both  are  prolonged  into  a  spur 
{e.g.  Fumai-ia,   Corydalis).     The   ANDRCECiUM  ( 
of  Hypecowm  consists  of  2  -h  2  stamens.     The 
other   genera   have   two  tripartite  stamens 
inserted  opposite  the  outer  petals ;  the  central 
filament  of  each  group  bears  a  perfect  anther, 
the  two  lateral  filaments  only  half  an  anther 
each  {Fig.  481,  6).     The  modification  from 
the  normal  type  exhibited  in  such  andnKcia 
is  due  to  splitting  and  displacement  of  the 
stamens.     The   two  lateral   filaments,   with 
their    bilocular    anthers,    represent    distinct  , 
halves  of  the  inner  stamens,  that  have  be- 
come adherent  to  the  stamens  of  the  outer 
whorl. 


The  majority  of  this  small  family  ai 


s  of  the  North  Temperate  Zone, 
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Dietntra  ^aectabilit,  with  >   two  -  spurred  corolla,  is  a  well-known  ornamental 

Family  Papaveraceae. — ^lowers  ACnnoHORPBlc ;  calyx  dimerous ; 
COROLLA  CON9ISTINQ  OF  TWO  DIMEROUS  WHORLS:  andrcecium  POLY- 
HEROUS  ;    pistil   TWO-   TO   SIXTKKN-MEROUS  ;    SEEDS  WITH   ENDOSPERM. 

Herbaceous  plants  with  stiff  hairs  and  LATEX  VESSELS  containing  a 
white,  more  rarely  a  yellow,  orange  or  red  latex. 

The   flowers  are  usually  large   and  beautifully  coloured,  either 


solitary  or  clustered.  The  fruit  is  always  a  many-seeded  capsule, 
sometimes  resembling  the  pods  of  the  Oruci/erae,  but  without  false 
dissepiments  (Fig.  482). 

As  eiamples  of  this  family  may  be  cited  Chelidoniam  (Celandine),  witii  orange- 
coloured  lat«x  and  eiliciiiosH  fruit ;  Fapaver  (Poppy),  witb  white  latex.  In  this 
last-named  genua  the  fruit  is  on  incompletely  septated,  polymerous  capsule, 
opening  at  maturity  by  valves  just  below  the  rayed  stigma. 
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Geoobaphioal  DiSTBiBrTioK.  —  The  Papaveraetat  ronititnte  a  small  funily 
restricted  almost  entirely  to  the  North  Temlterate  Zone. 

Poisonous.  —  Papavcr  mmni/e rum  (Opium  Poppy)  containa  in  all  its  organs 
a  poiBODOUB,  milky  lat«x.  It  is  an  anoual  herb  with  glabrous,  somewhat  glaucous 
stems  and  leaves,  and  is  cultivated  for  the  sake  of  the  oil  accumulated  in  the 
seeds,  also  for  the  latex  obtained  from  the  anripe  capsules ;  the  latex,  on 
hardening,  constitutes  opium.  The  leaver  are  sessile,  irregularly  incised  aud 
toothed.  The  flowers  are  solitary,  borne  upon  a  long  stalk  with  bristly  hairs 
(Fig.  483).  They  are  nodding  while  in  the  bud,  but  become  afterwards  erect; 
they  have  a  fugacious  calyx  and  white  or  violet  petals  with  crarapled  oestivation. 
The  fruit  is  a  broad  capaule  more  than  6  cm.  in  length,  enclosing  numerous 
reuiform  seeds  of  a  white  or  violet  colour.  Other  species  of  Papateraaae  are 
also  toxic,  but  in  a  less  degree. 

Officinal.  —  Fapaver  toiimi/erum,  yielding  Feuctus  Papaveris  imiATiTRi, 
Seuek  Pafaveris,  and  Ofu'u. 

Family  SMwIaMa*.— Flowers  ZYiioMORfHic,  perianth  consistingoftwo' to  eight, 
merous  whorls;  jietals  deeply  fringed.  Sexual  organs  usually  BOltNB  I'PON  A 
OYNOFHOBB  ;  stamens  three  to  forty  ;  carpels  two  to  six,  fbeb  ob  united,  forming 
a  unilocular  ovahv  ofbn  attue  apex.  Herbaceous  or  shrubby  plants,  chiefly 
Mediterranean,  with  small  flowers,  e.y.  lieicda  luleola  (Dyer's  Weed),  ^.  lutca 
(Base  Rocket),  li.  odorata  (Mignonette]. 

There  is  considerable  uncertainty  as  regards  the  systematic  position  of  the 
plants  included  in  the  family  Itestdattat ;  they  are  considered  to  be  allied  to  the 
Capparidaetnt. 

OrdflF  7.    Clstlflorae 

Flowers  hypogynous,  geoerally  actio  amorphic  and  hermaphrodite. 
Calyx  imbricated  in  the  bud ;  the  whorl  of  the  perianth  and  andrcecium 
typically  pentaroerous,  but  the  andnecium  often  polyhebous  by  the 
division  of  the  stamens;  gyncecimn  usually  three-  to  five-merous,  and 
eyncarpouB ;  ovary  unilocular,  with  parietal  placentse,  less  frequently 
multilocular ;  ovules  for  the  most  part  anatropouB;  embryo  usually 
straight 

Tlie  Ckti/Unae  fonn  a  somewhat  artificial  order;  they  comprise 
families  which,  in  most  cases,  have  been  previously  assigned  to  different 
systematic  positions.  Tiie  flowers  exhibit  the  regular  Dicotyledonous 
type  or  a  modification  of  it,  resulting  from  the  division  or  suppression 
of  some  of  their  parts,  but  without  at  the  same  time  showing  any  uni- 
formly occurring  characteristics  of  general  significance.  There  is  more- 
over in  this  order  no  predominant  type  about  which  the  less  distinctive 
forms  may  be  grouped.  Many  of  the  Cislijlorae  show  an  affinity  to  the 
Itesedaaae,  and  through  tbem  to  the  lUweaiUnae ;  others,  in  particular 
the  Temslroemiaceae,  to  the  Cdumniferae ;  and  some  are  allied  to  the 
Passifiorinae. 

Family  Clstaeeae.  —  Flowers  actinomorphic,  with  NUHRROUS 
STAMENS  ;  gj'ncEcium  three-  to  five-merous ;  ovary  usually  unilocular, 
with  parietal  placenta ;  style  simple  ;  ovule  atropous  ;  fruit  a 
capsule  ;  seeds  with  endosperm  ;  embryo  curved. 
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The  Ciataetae  constitute  a,  small,  chiefly  Mediterraneaa  family  of  woody,  or 
more  rarely  herbaceous  pUnta,  with  simple  leaves  ;  e.g.  the  European  Rack  Koae, 
Htliantkeinum  Tfulgare,  n  small  underahntb  with  yellow  flowers,  found  growing, 
like  other  Oiilateae,  in  dry,  anuny  aituatiotis  (Fig.  434). 

Family  Droseraeeae. — Flowers  actinomorphic,  with  five  stamens ; 
ovary  usually  unilocular,  with  parietal  placentie,  STYLE  DIVIDED. 
Fruit   a   capsule ;    seeds   with   endosperm.      Herbs,   with    irritable, 

GLANDULAR  CILIATED  LEAVES. 


olor.    A.  Entire  |tliint  (re<liic«l>;  B. 
1,  enlirged;  C,  gymecium,  enlirgod;  D,  tranaver 
nection  of  ovary ;  E,  fnilt  {nat.  niB-y—OrFICIXAi.. 

The  Droseraeeae  are  widely  distributed,  and  are  all  carnivorous  plants,  (. 
Droiera  rotandifolia.  Sundew,  growing  in  boggy  ground  (r/.  p.  215). 

The  families  ^^tpeiUhaceae  and  SaTraccnictccae  are  regarded  as  allied  to  t] 
DroKToeeae,  and  comprise  likewise  carnivorous  plants  ;  their  leaves  are  wholly 
in  part  modifled  into  pitchers  (<;/.  p.  21$). 


Family  Vlolaceae. — Flowers  actinomorphic,  < 
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bui^iBHl ;  b,  t 


ZTfiOMORPHiU  ;  stamens  Gve ;  ovary  unilocular,  with  parietal  placenta, 
STYLE    SIMPLE ;    seeds    albuminous,    with    straight    embryo    (Figs- 

485,  486). 

The  family  includes  herbs,  slinihs,  and  trees,  frequently  with,  leaves  having 

-    large  stipules  ;  it  is  represented, 

though  not  by  a  large  number  of 

genera,  in  all  loues.      Vivla,  the 

Violet,  Pansy  or  Eeart's-ease,  has 

/'    always      axillary,      lygomorphic 

Rowers  with   the   anterior    petal 

prolonged    into    ■    hollow   spur 

enclosing      spur -like      nectarial 

appendages    of    tho    two    lower 

stamens  (Fig.  486,  B,  tU).    Many 

species  of  Viola,  in  addition  to 

"ir\ei  MB*iteut™i^l«     *''*  '^'""P'*"""'  flowers  provided 

with    nectaries    and  adapted   to 

insect- pollination,    bear   cleiato- 

gamous  flowers  which  contain  no  honey  and  are  self- pollinated  (r/.  p.  285).     The 

eatomophilous  flowers,  although  so  well  equipped,  arc  very  often  sterile. 

OrriciN*!..  —  Hekba  Vwlak 
TBICOLOBIB  is  obtained  from  Viola 
tricolor. 

Family  Hyperlcaceae. — 
Flowers  actinoraorphic, 
stamens  three  or  five,  DEEPLY 

Dr\IDED        INTO       NUMEROUS 

BRANCHES ;  ovary  unilocular 
or  multilocular,  with  paiietal 
placenUe  and  free  styles: 
seeds   without   endosperm. 

Leaves    opposite,    doti'kd 

WITH  OIL-GLANDS  (Fig.  487), 

Members  of  this  (aniily  are 
found  widely  distributed  in  both 
the  temperate  and  warmer  ^ones. 
Many  species  of  ifi/^'erii^m  {e.g.  thr 
common  St.  John's-wort,  H.per/or- 
tttum)  are  common  wayside  weeds. 

Family    OloiiacMW.  —  Floweni 

Ovary      multicarpellary  ;      stigma 

rayed.     Woody  plants  with  resl.n    """^  **^-^*r  '"f"™^.  I',  ""«"<"£_ t™"!"  :_;• 
^  ■"  '^  flowpr  cut  thningh  longltudinall]' ;  B,  ftnit ;  4,  iHd. 

<  B  CUU-RESIN  CANALS.  (AfWr  WossiDLO.) 

The  Cluaiaeeae  are  represented 
in  the  tropical  forests  by  numerous  arbora.iccut  forms,  of  which  some  (Cttitia)  are 
epiphytic.     The  fruit  (maugosteen)  of  Gareinia  Mangotlana,   found  in  Further 
India,  is  highly  prized. 
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FoiaoNOua. — The  gum-reeina  of  several  Bpeoies  of  this  fomily  are  ver;  poisonous. 
Officihal. — The  dried  gmn-resiii  of  Qareinia  Morella  (Eaet  Indies]  yields 
Qurn, 

Family  TenrtiowiilAoaae. — In  Camellia  and  Tkta,  perianth   acyclic,  b&ac- 

TBOLB8  GSADCALLY  BECOUINO  INDISTINQCISBABLB  FBOM  SEPALS  J  andrfflclnm  and 

gyntecinm  polymerous,  avuy  mu  It!  1  ocular.  Woody  plants  without  resin-canals 
(Fig.  488). 

This  family,  whicli  is  allied  to  the  preceding,  coosists  chiefly  of  tropical  ever> 
green  trees  and  shrubs  (e.g.  Camellia  japoniea). 

Officinal.  — Tftea  ehiTunrit,  the  Iflaves  of  which  when  dried  constitute  tea. 
Folia  Thtiae,  is  a  shrub  with  leathery  leaves  and  white  flowers  (Fig.  489).  It  is 
indigenotis  to  China,  where  it  is  largely  cultivated,  as  also  in  the  East  Indies. 

The  order  OuHfl<n-ae  contains  also,  in  additioa  to  others,  the  following  families : 
EltUvaaeeae,  small  water-plants  with  inconspicuous  Howers ;  e.g.  Elatine  kexandra. 
Water-vert.  Tamarimeeae,  shrubs  with  scale-like  leaves  and  small  flowers 
aggregated  in  racemes  ;  e.g.  Myriearia,  Tamarix.  Dipterocarpaceat ;  this  family, 
which  has  taken  its  name  from  the  large  wings  attached  to  the  fruit,  consists 
wholly  of  tropical  plants.  From  the  species  of  ffoptatbe  offieiaal  Besina  DaHMAE 
is  to  some  extent  obtained. 

Order  8.  Passlflorinae 

Flowers   actinomorphic,   mostly    pebioynovs   or    epiotnoum  ;    perianth    and 
andrcecium  with  varying  number  of  parts  ;  gynoecium 
styles  generally  fiiee  and  bifid  ;  ovary 

;,    with  PARIETAL  PLACEST*. 

It  is  difficult  to  point  to  characteristics  separating 
this  order  from  the  preceding ;  both  are  frequently 
united  in  the  same  group. 

Family  PaHifloracMM. — Flowers  pbrioynous,  with 

OTTTOBOWTHS   OF  THE   FLOWER-AIIS   (COtona   and   disC) 

between  the  perianth  and  andr<£cium.  Calyx,  corolla, 
and  andrcecium  consisting  each  of  five  members ; 
gynjEcium  fbequbhtlv  bohnb  on  a  oynophobe,  an 
elongation  of  the  axis  (Fig.  489). 

The  m^oritj  of  the  Fasti fioriKeae  are  tendril- 
climbers,  with  large  beautifully  ■  coloured  flowers. 
Especially  characteristic  of  the  flowers  of  maui^  species 
of  fassiflora  is  the  presence  of  a  filamentous  corona 
accompanied  by  successive  rings  of  filaments  repre- 
senting a  disc.  The  membera  of  this  family  are  for  the 
most  partindigenousto  the  Tropics,  where  many  species 
are  prized  for  their  edible  berries. 

The  tropical  family  Caricaceae  is  closely  allied  to 
the  Paanfiorareiu.  The  lotei  of  Cartea  Papaya,  the 
Papaw,  contains  a  proteolytic  ferment,  papain. 

Family  B^onluieae. — Flowers  efigv.v'ous,    uni- 
sexual ;  the  male  with  perianth  consisting  of  two 
DIMEROUS   WBORLS  ;   tbs   female   with   simple   pentame 
indefinite,  often  united  ;  ovary  three-sided,  teiloculab. 

The  Begomactae  are  succulent  tropical  herbs  or  climbing  plants,  with  oblique, 
tunally  somewhat  heart-shaped  leaves.     The  fiowers,  which  are  commonly  white        ' 
2q2  .  , 


fio.  489.  ~  PrtiBiJIo™ . 
Part  of  a  Bower. 

Nnlarl.  Pfiomrnfi 
rous  perianth  ; 


or  red,  are  clustered  ia  loose,  diehosisl  infloreacenceB.     Many  speciee  are  familiu 
as  ornunental  plants. 

To  the  Pasnjtorinae  belong  also  tlia  Loaeaeea*,  a  tropical  American  family 
conaiHting  for  the  most  part  of  herbaceous  climbers,  often  having  stinging  hairs. 
A  few  species  are  cultivated. 

Order  9.  Opuntlnae 

With  the  single  family  Caetaceae. — Flowers  epigynoiw,  actino- 
morphic,  hermaphrodite;  perianth  and  andrcecium  acyclic;  gyticecium 
coDBiBting  of  a  large,  indefinite  number  of  carpels;  ovary  uni- 
locular, with  many  parietal  placentae  ;  ovules  with  long 
funiculi ;  fruit  a  berry.  Herbaceoua  and  woody  planM,  with  fleshy 
axes  and  usually  reDVCED,  thorn-like  leaves  (Figs.  490,  491). 


In  many  Caetaceae  {MamUlaria)  the  assimilatory  vegetative  system 
is  reduced  to  an  angular,  cylindrical,  or  spherical  axis,  entirely 
destitute  of  foliage-leaves ;  in  other  Vactaceae,  again,  the  assimilatory 
organs  are  represented  by  a  system  of  branching  axes  which  may  be 
prismatic  (Cereus)  or  flattened,  either  band-shaped  {Epiphyllum,  Fig. 
490)  or  ovate  {Opunlia,  Fig.  491).  The  clusters  of  spines  occiin-ing  on 
the  axes  represent  in  most  cases  reduced  leaves,  Peireskia  is  the  only 
genus  possessing  well-developed  foliage-leuves. 

Peculiar  as  the  general  appearance  of  the  Catlaceae  is,  it  is  not 
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distinctively  characteristic  of  this  family  alone,  as  some  of  the  Euphor- 
hiaceat  and  Asclepiadaceae  possess  a  similar  habit 

Oeoobaphical  DiBTRiBrriON.— The  large  family  of  the  Caeiaceae  is  reatricted 
to  the  wanner  countries  of  America.  Like  most  liucciileiits,  the  plsota  of  this 
group  are  typtaailly  xerophilaua,  although  they  occasionally  occnr  as  epiphytes 
on  the  dry  bark  of  trees  in  damp  forests.  They  attain  tbeir  greataat  development 
in  the  dry  regions  iu  the  aouth' western  part  of  North  America,  where  the  columns 
of  the  Monument  Cactus,  Cerea!  gigatUeut,  with  their  candelabra -like  branches, 
tower  20  m.  high  above  the  naked,  rocky  soil.  They  are  eapecially  prevalent 
in  the  high  table'lands  of  Mexico,  and,  extending  almoat  to  the  snon.line,  exhibit 
the  most  astonishing  diversity  of  form.  One  species,  Opuiilia  fieas  indica,  with 
edible  berries,  has  escaped  from  cultivation  in  the  neighbourhood  of  the  Medi- 
terranean, and,  like  the  American  Agave,  has  become  so  common  that  it  is  now 
a  characterietic  plant  of  that  region.  It  is  on  this  plant  that  the  Cochineal 
insect  is  cultivated.  The  Cactatcat  are  largely  cultivated  as  hot-house  and  window 
plants. 

Order  10.  Columniferae 

Flowers  hypogynous,  hermaphrodite,  actinomorghic,  with  valvate 
Ciilyx  and  pentamerous  perianth ;  stamens  usually  MONADELPHOUS, 
although  typically  five  in  number,  becoming  INDEFINITE  by  division; 
carpels  2  —  oo  ;  ovary  syncarpous,  SEPTATE,  corresponding  to  the 
number  of  carpels. 

The  andrceciura,  in  particular,  is  characteristic  of  the  Columniferae. 
In  some  forma  it  is  constructed,  according  to  the  Dicotyledonous  type, 
of  two  pentamerous  whorls ;  but  in  the  majority  of  cases  one  whorl, 
usually  the  episepalous,  is  suppressed  or  replaced  by  staminodia, 
while  the  other,  in  consequence  of  the  division  of  the  staminal  rudi- 
ments, consists  of  a  larger  number  of  members.  In  addition,  the 
filaments  of  the  stamens  in  most  Columniferae  are  united  into  a  longer 
or  shorter  column,    or,   more   appropriately  described,  into   a   tube, 

whose  derivation  from  the  five  or  ten  original  

rudiments  is  only  recognisable  after  investiga- 
tion of  its  mode  of  development  and  a  comparison 
with  allied  forms.  A  division  of  the  carpels, 
similar  to  that  of  the  stamens,  is  also  of  frequent 
occurrence  in  the  gynoecium. 

Family  TlUaceae. — Sbpals  free;  petals 
VALVATE  in  the  bud  ;  stamens  usually  numer- 
ous, FREE ;  anthers  intrcrse,  dithecious ; 
pollen-grains  NOT  SPINY  (Figs.  492,  493).  f 

The  Tilmceae  are  for  the  most  part  woody 
plants,  with  toothed  or  lobed  stipulate  leaves. 
The  flowers,  which  are  adapted  to  insect- pollination,  are  united  in 
clusters,  and  produce  a  dry  capsule  or  an  indehiscent  fruit 

The  andrtecium  consists  in  some  sj>ecie3  of  two  pentamerous  whorls,  thus 
representing  the  primitive  type  from  which  the  more  complicated  andrcecia  of 
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othet  fonna  have  developed.     Sometimes  by  the  sappression  <t(  one  whorl,  either 
the  epipetaloua  or  the  episepalous,  the  number  ofstatnenB  is  reduced  to  five,  or,  in 

[ireseDted  by  ataminodi&.  In 
most  (Muea,  however,  the  nmnber 
of  stamens  is  indefinite  in  coD' 
seqnence  of  a  division  of  the 
staminol  rndimenta  extending  to 
their  very  base,  the  st&meua  being 
grouped  oorreapotidinglyin  either 
fire  or  ten  bundles.  In  same 
forms  they  ore  onited  at  the 
base,  just  as  in  the  Jfalvarear, 
but  the  andrracia  of  tlie  Tiliaeeae 
are  always  distinguishable  by 
their  dithecious,  introrse  anthers 
and  smoother  pollen-grains.  The 
stamens  in  some  species,  again, 
are  in  part  transformed  into 
petaloid  staminodia  (e.g.  Tilia 
tomentoaa). 

This  family,  which  is  ohiefly 
tropical,  is  represented  in 
northern  regions  only  by  the 
genus  Tilia,  variously  known 
under  the  name  of  Linden,  Bass- 
wood,  or  Lime-tree.  Lime-trees 
have  two-ranked  leaves  with  small 

Fio.  498 — Tilia  pBTrifolia.  A,  Inflorescence  (o),  wlUi  stipulea,  and  flowers  aggregated 
hyp«ophyll  6  (nat  Mie).  H,  Longitudtnal  BBcCtgn  ot  jj,  ^  cymoae  umbel.  The  slender 
ftult  (niignifled);  o,  pericerp;  o,  strophiod  dlBsepI-  ^j^jj^  ^^  ^^^  inflorescence  is 
ment  and  ovule ;  q,  "oed ;  r.  Endospenii ;  .,  embryo  ;'>,..  ,  .  j    v 

its  ra.licle.-Or«CT.v^t.    (After  Bero  «iU  Scnuipr.)     adnate    to    an    elongated    hjpso- 
pliyll,  differing  from  the  foliage- 
leaves   (Fig.   4B3)   both   in    its   yellowish  colour   and    shape.       The    numerous 

stamens  are  developed  from  five  episepalous  rudiments,  and  in  older  flowers  are 

distinctly  grouped  in  five  bundles.     The  ovary  is  hairy,  i 

each  of  the  five  loculi,  and  ripens  into  an  indehiscent 

fruit  with  a  single  endoapermous  eeed.     Tilia  pnrm/oliii 

has  five-  to  nine-flowered  inflorescences  and  heart-shaped 

leaves,  which  are  beset  on  the  under  side,  in  the  angles 

of  the  nerves,  with  brown  tufts  of  liair,  but  otherwise 

are  glabrous ;  the  large-leafed  Linden,    T.  graiidifoHa 

(T.  pUiiyphylloBJ,  has  leaves,  hairy  on  the  under  surface, 

aud  three-  to  five-fiowered  inflorescenoea.     The  flowers 

of  T.  loyiicntosa  have  five  white  staminodia  resembling   p,^     im.— sitrculinefot. 

the  petals.  Floral     Jin^mm     (I>m- 

Ofmi-cnal.— Both  Tilia  pa rvi/olia  tad  grajidi/olitt,        ft™«>   {Aner  bichi.«.> 

yielding  Fi.ores  Tiliae, 

Family  Bt«rciillftCM«.— Flowers  often  apetalous ;  calyx  GAUOsBPALors ;  petals 

COKTODTED ;    stamens   usually   Kox    very   KlrMEBOUS,   monadelphoua ;    authen 

*XTBOB«E,  DITHECIOUS ;  polIeu-gTains  not  often  spiny  (Figs.  4W-4BBJ. 
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The  sudtceciuin  of  this  family,  unlike  that  of  the  TUiaceae,  ia  always  mon- 
adelphous.  It  resembles  in  this  respect  the  androKium  of  the  Malvaceae,  ttola 
which,  although  sometimes  only  distinguishable  by  the  dlthecioua  anthers,  it 
differs  in  having,  as  a  rule,  a  much  smaller  number  of  stamens.  The  episejialous 
Btanioaa  are  never  fertile,  but  are  either  staminodial  or  suppressed. 

The  Slereuliaceae  are  almost  eiciusively  confined  to  the  Tropics,  where  they 
are  eotistautlj  met  with  either  as  lierbaceoua  plants,  shrubs,  lianes,  or  trees, 
oPten  bearing  flowers  oEa  peculiar  and  umiaual  form.  The  onl;  plant  iu  this  group 
of  value  to  man  is  the  Cacao. tree,  Theobroma  Caeaa  (Figs.  495,  496),  a  small  tree. 


Cnmn,  «1tJi  ^^  portion  of  tht 
Fio.  tK.—Thmhromt  Qaain,     1,  Branch  with  flowfra  ami  pirlcarp  removed  {|  n»t.  alie). 

fruit;  -2,  a  BowBr  cut  Ihniugli  longiludinilly ;  3,  HPed,—  —OtriclXiL.   (After  Leho  »nii 

Offkikal.    (After  Womsidlo.)  Bchhiot.) 

originally  native  of  Mexico,  but  now  cultivated  in  all  tropical  countries.  The 
small  flowers  are  red  in  colour,  and  spring  from  the  cortex  of  the  stem  and  older 
branches.  Tlie  fruit,  which  is  about  the  size  of  a  amall  cucumber,  and  of  red  or 
orange  colour,  has  a  hard  longitudinally -ribbed  wall,  and  contains  numerous 
disc-shaped  seeds  embedded  within  its  juicy  Hesh.  After  fermentation,  when 
roasted  and  ground,  chocolate  and  cacao  are  obtained  from  the  seeds. 

Officinal. — -The  seeds  of  Theobrama  Cacao,  yielding  Cocoa-butter,  Oleum 
Cacao.  Kola  nuts,  wliich  have  recently  been  recommended  for  their  medicinal 
qualities,  are  derived  from  Kola  acwmiaata  (West  Africa). 

Family  Malvaceae. — Calyx  gamosepalous  ;  petals  contorted  in 
THE  BUD ;  stamens  numerous,  monadelphous  ;  anthers  extrorse, 
MONOTHECIOUS;  poIlen-grainB  SPINY  (Figs.  497-500). 
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The  Mahaeeae   are   herbaceous   or  woody   plants,  abounding   in 
muciUge,  and  usually,  at  least  in  their  early  growth,  covered  with 
matted  woolly  hair  (Fi^.  497).     The  leaves  are  palmately  nerved  and 
frequently  paimately  lobed.      The  funnel  or  bell- 
shaped  flowers  are  entomophilous,  generally   large 
and  beautifully  coloured.     They  are  either  solitary 
I   and  axillary,  or  grouped  in  terminal  inflorescences, 
'  and  are  often  provided  with  an  involucre  or  epi- 
calyx,  formed  of  three  or  more  bracteolea  (Fig.  498). 
The  petals  are  slightly  united  at  the  base.     The 
—^■^  numerous  monothecious  stamens  are  formed  as  the 

pi"  i*^'~^fiirr'i  ''^^"'''  °^  *  splittin;^  of  the  epipetalous  whorl,  which 
°"  nil"     jj^  ^j^j^  ^^^^  extends  to  the  anthers,  while  the  epi- 

sepaloiis  whorl  is  either  entirely  suppressed  or  represented  by  tooth- 
like Gtaminodia  attached  to  the  top  of  the  stamina)  tube.  The 
gynaecium  ia  often  mutttcarpellary,  and  gives  rise  to  a  capsule  or 
schizocarp  {Fig.  499,  r). 

Rbiirbsektative  Svb-Faxilies.— (1)  MntFcae,  with  ajhizocarpous  fruit,  )iro' 
(luced  from  nunieroua  cariieU  arranged  iu  a  irhorl  ;  f.g,  Malva,  witli  e|>icalyi 
uonsJHEiiig  of  tliroe  five  involucral  brocteolcs ;  LataitTa,  with  eiiicalyi  of  three 
anited  tiracteoles ;  AUham,  with  epicalyx  of  six  to  nine  brocteoles  united  at  the 


!^\f^ 


'I,  andmecluin  ;  /,  pistil :  r,  ma\t 
(niapiKlHl).  (Alter  liEHU  anil 
ik-BJIlOT.) 

^taae.     (2)  Hibiictae,  with  frui     a 
Mallow),  Ootaffpiam  (the  Cotton  p   i 

Geographical  Distriduti  p 

members  of  the   Mallow   fanii  nd   d     nb    ed 

although  chief]}'  occurring  in  h  nn  n  A  ei 
and  some  of  the  bushy  8[ieeiea  of  ffifrwcus  are  favovmte  o: 
sptcies  of  Oof)S)>ium,  from  which  cott<in  is 


;  e.g.  HibiKot  (Roae- 

of  the   polar  regions, 

k-er   the   n)io1e  eartii, 

Toiea,  the  Hollyhock, 

e  ornainental  plants.     The 

■e  mostiv  slirnba  with  lobed 
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leaves  and  bell-shaped  yellow  or  red  flowers  (Fig.  500).  T)ie  Cotton- plant,  which 
still  grows  wild  in  tropical  countries,  is  largely  cultivated  in  all  the  warmer 
regions  of  Asia  and  America.  The  fruit  (Fig.  500,  2)  is  a  capsule  packed  n'ith 
white,  yplloff,  or  brown  hairs  [cotton),  which  are  attached  to  the  seeds  (3),  and 
serve  Gut  an  aid  to  wind-distribution  {i:/.  p.  291). 

Officinal. — Jtalva  vulgaris  and  M.  silvesCria  (High-Mallow)  supply  Folia 
Malvab,  and  Jf.  rikestris  (Fig.  498)  aiso  Florrs  Malvae.  The  iBSves,  Folia 
Althaeae,   and   the  roots.    Radix  Althaeae,   of  Althaea   o^einala  (co 


Marsli -Mallow)  are  used  medicinally,  as  are  also  the  same  {larts  of  Gosii/piam 
(Fig.  BOO). 

The  Jionhawceae  are  very  closely  allied  to  Malvaceae;  they  are  a  family  of 
tropical  trees,  whose  stems  of  soft  wood  are  often  enormously  thick,  and  swollen 
in  the  middle  like  a  barrel.  The  flowers  are  unusually  large,  beautifully  coloured, 
and  frequently  zygomorphic  ;   the  seeds  are  sometimes  envelojied  in  long,  silky 

Order  11.  Qruinales 

Flowers  hypogynous,  hermaphrodite,  actinotnorphic,  and  penta- 
merous  throughout,  or  zygoinorphic,  and  then  often  reduced,  never 

WITH    POLYMEROUS    WHORLS    FORMED    BY    SPLITTING ;    Stamens    MON- 

.A.DELPH0U3  AT  THE   BASE,   obdiplosteiuonous ;    DISC  ABSENT ;    Ovary 
syncarpoua,  septated;  micropyle  DIRECTED  upwards. 
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The  GruiiuUes  are  distinguished  from  the  Coiumniferae  by  the 
partially  monadelphous  stamens,  and  by  the  absence  of  splitting  in  the 
androecium.  In  both  orders  one  whorl  of  stamens  is  often  suppressed 
or  replaced  by  staminodia.  The  absence  of  a  disc  and  the  position  of 
the  micropyle  dlBtinguish  tbe  Gniinales  from  the  allied  order  Tn-e- 
bititkitiae  and  the  Aesatlinae. 

Family  Qeraniacead. — Flowers  actinomorphic,  rarely  zygomorphic, 
pentamerous  throughout ;  stamens  five  or  ten  ;  ovaiy  with  l^'O  ovules 
in  each  locutus ;  carpels  prolonged  into 
an  AWN,  and  becoming  detached, 
WHEN  RIPE,  FROM  A  PERSISTENT  CEN- 
TRAL COLUMN  (Fig.  601). 

The    Oeraniaceae    are    herbs,    or,    in 

r>  warm  climates,  small  shrubs,  with  simple 

leaves  and  usually  with  glandular  hairs, 

which   secrete   an    aromatic   oil.      The 

flowers  are  either  axillary  and  solitary 

or  clustered  in  inflorescences  of  various 

types,  and  have  usually  a  carmine  or 

crimson  corolla.     The  carpels  in  many 

species  remain  closed,  and  are  forced  into 

the   ground   by   the  movements   of  the 

spirally- twisting   hygroscopic    awn    (e.g. 

Fio  SOI  —FniitofPt/jirmniumij.Mii-     Erfxilum).     In  most  of  the  large-flowered 

naiK,  X  s.  {Arwr liAiu-oK.)         species  of  O'tjanhim  the  awns,  in  coiling, 

contract  with  such  suddenness  that  the 

seeds  are  shot  out  from  the  carpels,  which  rupture  along  the  ventral 

suture.     The  two  genera  may  readily  be  distinguished,  as  Erodium 

(Storksbill)  has  only  five  stamens,  while  in  Gtmnium  (Cranesbill)  ten 

are  present. 

GEOOR.vrHicAL  DiBTRiBCTios.— Memhers  of  this  family  are  found  widely 
gcatt*r«l  overall  loneti.  The  mrious species  ol Pelargonium  (flotrera  zygomorphic), 
which  are  bo  largely  eultivated,  are  indigenous  to  South  Africa. 

The  Tkopaeolaoeae,  >  small  South  American  family,  occupy  a  systematic 
position  not  widely  removed  from  the  Qeraniaecae.  They  have  lygomorphic 
Sowers,  with  eigl.t  stamens  and  three  carpels.  Various  species  of  Tropacolvnt, 
Indian  Cress  or  so-called  Garden  Nasturtinm,  are  frequently  cultivated. 

Family  Oxalldaceae. — Flowers  actinomorphic,  with  ten  fertile 
stamens ;  ovary  with  Several  ovules  in  each  loculus  ;  fruit  a 
capsule.  Herlra  and  woody  plants  with  COMPOUND  LEAVES ;  more 
rarely  with  phyllodia. 

A  chiefly  tropical  family,  of  which  Oxalis  actlosella,  the  common  Wood-Sorrel, 
ia  a  Tamiliar  representative  ;  its  sour  taate  ja  due  to  the  presence  of  acid  potassium 

Family  Unaceae. — Flowers  ACTINOMORPHIC  j  four-  or  five-merous  ; 
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stamens  moDadelpbous,  the  epipetalous  whorl  wanting  or  stauin- 
ODIAL;  each  loculus  of  the  ovary  incompletely  halved  by  a  false 
UISSEPIHENT,   and    having    one  ovule  in 
each  chamber ;  fruit  drupaceous  or  else  a 
capsule.    Herbs  and  shrubs  with  narrow, 

ENTIRE  LEASTS  (Fig.  502), 

The  only  pknt  of  economic  value  in  this 
family  is  the  Flax,  Linum  urilatiaiimuin,  an 
sQnuat  herb,  native  of  Western  Asia,  and  known 
in  cultivation  eince  the  earliest  historic  ages. 
The  flowers  (Fig.  602)  are  blue,  and  borne  in 
cymme  inflorescences.  Linen  is  woven  from  the 
strong  baat-fibreB  of  the  atema,  while  the  aeeda 
are  also  of  value  on  account  of  the  oil  (linseed 
oil)  eitracted  from  them. 

Oi'flciKAL.  —  Linum  usUaligtimum  yields 
Semen  LtNi. 

Family    Balsamlnaceae. — Flowers  - 

ZYGOMORPBIC,    with    five    FREE    atamens ;    P'o-  6M.-i(7i«m  unialunmum.     A. 

fruit   a  capsule,    bursting   when    ripe      *i<>"" i  b.  «'m™d..ui  .nd  gy.,- 

»  '       „     ,  .,,  .        ,  lectuiii ;  C,  capaulB after  dehticencH 

INTO     VALVES.       Herbs     with     simple      (^,   n»t.  slm;   b,  c.   x  n- 
leaves.  •jrriciXAL. 

Beautifully  flowering  species  of  the  genus  Impatiens  (BaHsMn,  Jewel-weed) 
constitute  a  Urge  part  of  the  herbaceous  vegetation  of  the  foreata  of  East  India. 
Irapaluns  noli  langere  and  other  species  of  the  same  genus  are  familiar  under  the 
nams  of  "  Touch-me-not"  or  Snapneed.  I,  pardfiora  and  /.  BaUainiBa  are  culti- 
vated ornamental  plants. 

Family   ErythroxTlaceae.  —  Flowers   AcnfoMoitPHic  ;   petals  with   a.   ligular 


. ;  A,  an 


n  {insBiiiBed).— o^we/.v.ti.    (A(t*T  Uena  and  Schbi 
E ;  gynfficium  most  frequently  u 


appendage  ;  atamena  ten,  united  i 

jlERors  ;  fhiit  a  drupe.     Tropical  woody  plants. 

OFFcniKAL.^BrylAracyiKi/i  Coca,  a  shrub  growing  in  Bolivia  and  Peru.     Its 
leaves  (Folia  Coca)  contain  the  alkaloid  cocaine. 

Family  Polygalaeeae.— Flowers  zygomorphiCj  with  incomplete 
WHORUS,  the  corolla  being  reduced  to  three  petals,  and  the  andnxcium 
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to  eight  stamens  united  into  a  tube  ;  gyncecium  diherouh  ;  fruit 
a  capsule  or  drupe  (Fig.  503). 

The  Potygalaeeae  include  herbs,  shrubs,  and  lUaes,  with  simple  leaves  ;  thcy 
are  widely  distributed  over  the  whole  globe.  Their  flowers  in  general  sppoarsnce 
somewhat  resemble  those  of  the  Fapilivnaceae,  but  the  wings  belong  to  the  caljx 
and  not  to  the  corona.  The  keel,  however,  is  a.  petal.  The  anthers  open  by  pores. 
The  various  species  of  Milkwort  (Folygala)  are  familiar  representatives  of  this 

OKFiciSAi-.^The  North  American  Seueca,  Siiakeroot  {PolygiUa  Senega,  Fig, 
603),  supplies  the  offidual  root  Senega. 


Order  12.  Tereblnthlnae 

Flowers  as  in  the  preceding  order,  but  with  AN  iNtra-STAMINAL 
DISC,  For  the  most  part  woody  plants,  with  ETHEREAL  OILS  whicli 
occur  in  canals  or  cells.  - 

This  order  stands  in  close  relation  with  the  Gruinaks,  with  which 
it  is  now  sometimes  united.     Tlie  fact,  however,  that  in  the  majority 
of  cases  members  of  this  order  exhibit  special 
characteristics  which,  although  sometimes  modi- 
fied,    are     traceable     throughout     the     varying 
forms  of  the  order,  would  seem  to  Indicate  their 
common  origin.     Thus  the  majority  of  the  Tere- 
binihinae  are  aromatic  woody  plants,  with  pinnate, 
persistent  glabrous  leaves  and  small  or  at  most 
medium-sized  flowers,  which  possess  a  fleshy  disc 
at  the   base  of  the  ovary  (Fig.  504,  e),  and  are 
disposed   in  racemose  or  cymose   inflorescences. 
Fio,  MM— ftuio  irniivoifni.   They  are  found  chiefly  in  warm  countries,  grow- 
Kiowfr  afi»r  removal  of  jug  jj)  (Jry  and  sunny  situations, 
Bum™™  fdiHc;,^  n'«'  Family    Rutaceae. — Flowers  usually  actino- 

tariPBirfiOvory;  *,h1)I»;  morphic  and  four-  to  five-merous  throughout; 
(Art"'''"'*B'™*"''an!i  *'-^™^"^  '"  **"^  °'  two  whorls,  sometimes  as  a 
stHmiyr.)  result    of   division  ;    numerous.     Woody   plants, 

rarely   herbs,  usually   with   pinnate    leaves    and 

WITH  ETHEREAL  OIL  IN  NEARLY    SPHERICAL   INTERCELLULAR   CAVITIES 

(Figs,  504,  505). 

This  large  family  is  almost  exclusively  restricted  to  the  warm  lones.  The  members 
of  the  SiUaaae  of  especial  value  to  man  belong  to  the  genus  Cilrta,  which  differs 
in  many  respects  from  the  family  type.  The  CUnit  species  are  small,  evergreen, 
and  often  spinous  trees.  The  leaves  are  apjuireutly  simple,  but  in  rtality  they 
are  compound  leaves  n^uced  to  a  single  leaHet,  as  is  evident  from  the  presence  of 
a  segmentation  below  the  lamina,  and  from  a  comparison  with  allied  forms.  The 
white,  fragrant  flowers  have  a  ganiose|ialoiis  calyx,  four  t«  eight  thick  petals,  and 
numerous  stamens  united  in  bundles.  The  fruit  is  a  multilocular  1>erry  with  a 
leathery  outer  layer  ftiU  of  oil'Oavitie.i.     The  juicy  pulp  consists  of  the  enlarged, 
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ahnormaliy-dsyeloped  partition-walls.  The  seeds  contain  several  adve 
embryos.  All  the  species  of  Citriia  are  native  of  tropical  Asia,  but  most  of  them 
aro  now  oultivftted  in  all  warm  countries.  The  most  important  are— C.  vulgaris^ 
the  Bitter  or  Seville  Orange;  C.  Aurantium,  the  Sweet  Orange  (Fig.  605);  C. 
Liiiumnm,  the  Lemon  ;  C.  medica,  the  Citron. 

PolBOKous. — An  incautious  use  of  the  Rue  (RiUa  graveoieHs),  a  jrapular  medi- 
cinal plant,  has  sometimes  an  injurious  effect.  The  Rue  is  an  aromatic  under- 
shrub,  with  twice  or  tlirice  pinnate,  glaucous  leaves,  and  dichasial  oincinnal 
mflorescencBs  of  yellow  flowers  (Fig.  504). 

Officinal.— (7i(ru»  vutgani  yields  Cortex  fbucti's  Aurastii  and  Fkuctuh 
AcaANTii  lUHATUKi,  Olevm  Aurantii  florum  and  Folia  Aurantii  ;  Citrus 
Linunmm,  Cortex  Limonib  ;  J^locarjmt  pennali/oliut  (Brazil),  Folia  Jaborakdi. 


Family  BnrMrsceae.  —  As  in  the  preceding  family,  but  with  resin-cakal^. 
Tropical  trees. 

OFFiciNAt.— Myrrk,  the  resin  of  Commiphora  Myrrha,  a  small  East  African 
and  Arabian  tree  ;  Fraskiscesse,  from  Bosierltia  Carlesii  and  SositdUa  Bhau- 
Dajiana  (Arabia,  East  Africa);  Elemi,  from  Canarium  sp.  (Philippine  Islands). 

Family  Blmarnli&Mae.^Lilce  the  Rulaccae,  only  without  oil-cavhiea,  but  some-  ^ 

timea  with  oil-canals  ;  the  vegetative  parts  contain  bitter  prikciplks.     Tropical 
woody  plants. 

Okficinai,. — Ligni:m  Qiassiae,  from  Ficraena  eoxelia  (West  Indies,  chiefly 
Jamaica)  and  Qaaina  amara  (Surinam). 

The  Aiuicardi&c«ae  occupy  a  position  between  the  Tcrebinthiiiae  (especially  the 
■  B-aTseractae)  and  the  Sapindinae.  Tliey  resemble  the  first  in  appearaDee  and  in  the 
possession  of  resin-canals  and  an  intra-staminal  disc,  and  the  latter  in  the  upward- 
directed  micropyle.  Many  members  of  this  family  are  puisosofs  plants,  e.g. 
the  species  of  j£/ivf,  Sumach. 

Officinal.— Mastiche,  a  gum-resin,  obtained  from  Pisiacia  Lenliaa  (Medi- 
terranean). 
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Opder  13.  Saplndlnae 

Fiowere  hypogynoua,  aclioomorphic,  or  more  frequently  OBLIQDBLY 
ZYGOMORPHic,  With  pentamerous  perianth;  andrcecium  usually  re 
duced,  having  only  eight  stamens  ;  an  kxtra-staminal  disc  com- 
monly present ;  ovary  two-  or  three-merous,  septated  ;  ovules  pendulous 
with  micropyle  directed  upwards  and  inwards,  or  erect  with 
micropyle  directed  downwards  and  outwards.     Woody  plants. 

This  order  comprises  for  the  most  part  trees  or  lianes  with  deeply 


Fio.  60«.— J«r  ampairt.    1,  FlowDring  branch ;  a,  n  Bowet  cut  through  longitncIiJBlly  i 
3,  a  stwncii ;  1.  the  fnilt.    (AR«t  Wobbidlo.) 

lobed  or  compound  leaves  and  small  flowers.  The  inflorescences  are  either 
strictly  racemose  or  hare  cymose  secondary  axes.  None  of  the  species 
of  this  order  contain  aromatic  oils ;  all  are  apparently  entomophilous. 
Family  Aeeraeeae. — Flowers  aotinomorphic,  usually  with  eight 
stamens  ;  ovary  bilocitlar,  having  two  ovules  in  each  loculus  ;  fruit  a 
WINGED  sCHlzoi^ARP  (sabiara)  ;  Igaves  Opposite  (Fig.  506). 

This  family  couaiats  principally  of  th«  goQUB  Aixr  (Haple),  whose  nimiertnis 
Bpocies  inhabit  chiefly  the  North  Temperate  Zona,  particularly  of  Asia.  Ater 
camptslrc  (Fig.  506],  a  frequently  cultivated  European  species,  has  palmately  lobed 
leaves,  and  erect  cymose  iimbela  oomposed  of  small  greenish -yellow  flowers,  whose 
fragrance,  together  with  the  nectar  secreted  by  the  disc,  attracts  insects.     The  fruit 
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in  It  samara  with  tivo-winged  uut-Hbe  fruitkta.  Acer  platanoides,  uulike  the  preced- 
ing species,  has  leaves  with  ehwp- pointed  lobes,  Acer  Patado-Ptatanvs,  the  Sjca- 
more,  is  easily  recogaieed  by  its  elongated  pendulous  racemes  ;  Attr  yeyundo,  the 
Ash-leaved  Maple  (North  America},  is  characterised  by  its  piouate  leaves.  Maple- 
sugar  is  made  from  the  ascending  spring-sap  of  the  Sugar-maple,  Acer  tuixhariiiwii. 
Family  Sapindaeeae. — Flowers  usually  OBLIQUELY  ZYGOMORPHic, 
with  eight  stamens;  ovary  commonly  trilocular,  with  one  or  two 
ovules  in  each  loculus ;  leaves  in  most  cases  alternate 


Between  this  family  and  the  Actraaae  there  are  no  very  distinct  differences. 
The  m^ority  of  the  SapindiK'ene  are  tropical,  having  the  form  of  teodril.climbing 
lianea  with  flexible  and  often  comparatively  thick  stems.  Several  sjiecies  of  the 
genus  Ac$culiit,  which  is  often  made  the  type  of  a  distinct  family,  are  fre- 
quently cultivated  as  ornamental  trecj.  Of  these,  the  common  Horse -Chestnut, 
A.  Hippocastaaam,  which  is  fouud  growing  wild  from  Greece  to  the  Himalayas, 
is  perhaps  the  moat  familiar  example.  It  has  opposite,  digitate  leaves,  and 
inflorescences  of  scorpioid  racemes.  The  flowers  are  distinctly  lygomorphic  ;  they 
have  seven  stamens,  and  two  ovules  in  each  of  the  three  locilli  of  the  ovary  ;  the 
(t-ait  is  a  spinous  capsule. 

Order  14.  FranguUnae 

.  Flowers  hypogynous,  sometimes  perigynous  or  epigynous,  actino- 
HORPHIC,  in  the  perianth  and  andrcecium  three-  to  four-merous,  haP- 
L0STEMONOU8,  uBually  with  disc ;  ovary  two-  to  five-merous,  septate, 
with    one    or    two  ovules   in   each   loculus;    micropyle    DiRECTED 

DOWNWARDS. 

The  Feamjuiiiiac  comprise,  for  the  most  part,  shrubs,  sometimes  growing  erect, 
sometimes  climbing  by  means  of  tendrils.  The  leaves  are  generally  simple,  in 
some  caaes,  however,  pinnately  compound.  Although  entomophilous,  the  Sowers 
are  characteristically  small  and  incouspiououB,  usually  with  reduced  calyx  and 
greenish  or  white  corolla.  They  have  only  a  single  whorl  of  stamens,  which  may 
be  j.laced  oi)p03ite  either  the  «ei«ls  or  ]ietala.     The  fruit  is  dry  or  juicy. 

Family  Celastraeeae. — Flowers  hypogynous ;  stamens  episepal- 
ors,  inserted  on  a  disc ;  ovary  two-  to  five-locular,  with  two  ovules 
in  each  loculus ;  seeds  with  coloured  abil  (Fig.  507). 

Chiefly  tropical  trees  and  lianea.  Ecuii'jmaa  europaca,  the  Spindle-tree  (Fig. 
507),  has  jKiisonous  fruits  and  seeds  with  a  red  aril. 

Family  Aqulfollaeeae.  —  Flowers  hypooynols  ;  stamens  epi- 
SEPALOUS  ;  DISC  WANTlSt; ;  ovary  two-  to  iive-locular,  with  one  ovule 
in  each  loculus ;  seeds  without  aril. 

The  pbuts  familiarly  knowu  as  Holly  are  included  in  this  family,  belonging  to 
the  genus  Ilex,  e.g.  I.  Aqxiifoliwm,  the  English  Holly.  The  leaves,  knowu  coni- 
raercially  as  Paraguay  tea  (M.iTft),  are  derived  from  aevurat  sub-tropical  South 
American  species  of  the  genua  Ilex. 

Family  Vltaceae. — Fiowei-s  hypogynous  ;  stamens  ei-ipetalovs; 
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disc  incomplete,  coseiBting  of  separate  glands ;  ovary  generally  Two- 
LOCULAR;  fruit  a  berrj-.     Climbing  shrurs  with  tendrils  opposite 

the  leaves  {Fig.  508). 

The  Vilnaac  are  chiefly  indigenous  to  tropic&l  countries,  where  many  spcciM, 
particularly  of  tite  geuus  Cisliit,  are  common  lianes,  some  or  which,  when  cut, 
supply  a  large  quantity  of  clear  water.  Many  s]>ecies  of  fxlis  are  native)]  of  Xorth 
America  ;  eg,  V.  Labru3ca,  the  Korthern  Fos-Grape,  now  largely  grown  in 
Europe,  and  the  Virginia  Creeper,  Ampelo})si>  kedcraeta,  so  frequently  cultivated  as 
an  ornamental  climber.      Vitis  riitifera,  the  Vine,  one  of  the  oldest  of  cultivated 


—Poiaoxoin. 

plants,  grows  wild  in  the  temperate  regions  of  Western  Asia,  Southern  Europe, 
and  Northern  Africa.  The  tendrils  of  the  Grai>e.vine,  as  is  shown  by  the  presence 
of  smalt  leaves,  are  roetamorpliosed  shoots.  The  inflorescence  is  a  profusely 
branched  panicle  with  pentomerous  flowern.  The  corolla,  becoming  detached  from 
tiie  floner.oxi9  during  the  antheai.s  or  act  of  flowering,  is  thrown  olT  in  the  form  of 
a  small  star,  and  is,  in  consequence,  appareiitly  wanting  in  the  opened  flowers  (Fig. 
60S).  The  Vine  Las  given  rise  by  cultivation  to  numerous  improved  varieties  and 
races.  Corinthian  or  dried  currants  are  the  small  fruits  of  a  seedless  variety. 
Officisal.— Visum. 
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Family  Rhunnaeeas.  —  Flowers  Pei:i«:ynoi  s  or  Ei'tiiVNOrs  : 
petals  Qsnaily  small,  often  hood-shaped  ;  di$e  complete :  ovurr  coni~ 
moni;  three-loci  L.ir  ;  frait  a  drmie  or  ca[ksule.  Mostly  erect,  ru>'Iy 
climbing  shrubs,  chiefly  tropical  ^Fig,  0091. 

/^ii„i,iui  tati.inita,  lb?  ivniraoD  Bucklhiiru.  is  a  tlioruy  iliin'ii>us  slinil-  wiili 
op]«site,  tinfly  serrate  leavtii.  and  uniseitual  telmutruus  Hon  t'rs  [inaliioiiii;  four- 
locuUr  dra]>ed.  X.  Fr^iiiinila,  Ibe  Ald*r  Bucklhoni.  lias  St',>Ct<Tiii,  rlliiitiiM;, 
entire  leaves,  small  henuaplirodiie  rtowers  (Fig,  JOS'',  unitci.l  in  clusters,  auil  M«ok 
two-  to  tbrpe-locular  drU[><'S.  L'liaivual  made  fivtu  Ihi'  wiwd  of  this  sinvii's  is 
used  ID  tlie  maDnractiiTe  of  guii[«vder. 

OFrii/iSiL. — Fjitcits  Khaxm  Cathartu-ae,  Coktf.s  Fka^iivlak.  Coiuk\ 
Shanni  Pl-RSHIASAE,  froDi  Hhiimnus  rarthi'imi,  native  of  Xorth  America. 

Tbe  family  BuMiteat,  fonnerly  iuoluded  in  the  same  orileT  nitli  the  Ku]-)-''- 
biaccat,  has  recently  been  given  a  systematic  posiliuii  near  the  (.V/.ijJftdYnf.  The 
Buxaeeae  differ  from  other  families  belonging  to  the  Fniii-niliiiai;  chieHy  in 
having  flowers  that  are  either  entirely  naked  or  only  provided  with  a  i^imjiU'.  floral 
envelope.  The  most  familiar  representative  is  the  Box,  BuiHt  n-infi'mrrns,  a 
POlsosovs  evei^reen-shrub  frequently  cultivated  for  ornamental  borders,  ete.  To 
tbe  same  alliance  belongs  also  the  family  £;;ij'['(n(i-('i>i',  Kinpetriiiii  aiijrvia,  the 
Black  Crowberry,  is  a  small  heather-like  shrub  of  alpine  habit,  lieariiig  trinn-roiis 

Order  16.  Thymelaeioae 


Flowers  perigynous,  actinomorpbi 

to    five-merOUSi  COROLLA   RE- 
DUCED  OR  WANTING  ;  One  or        , 
two  whorls  of  stamens;  ovary 
woDomerous,  with  cue  ovule. 
Mostly  woody  plants. 

The  majority  of  the 
Thi/meliieinae  are  shrubs  with 
simple,  entire  leaves  destitute 
of  stipules  ;  the  flowers  are 
'  usually  small,  with  calyx  and 
receptacle  sometimes  calyeoid, 
sometimes  corollaceous. 

Family  Thymelaeaceae. 
— Corolla  absent  or  reduced 
to  scales  ;  ovules  suspended  ; 

FRUIT      FORMED      SOLELY     OF 
THE  OVARY  (Fig.   510). 

Chiefly  sub-tropical    iilant'^   of 
tbe  Southern  Hemisphere,  repre- 
sented   in    Enrol*   by    Thijmelaea      Fi.i.  S10,-D.rpA«(  Mr:crr,im  (J  n 
and  Daphne, 

PoisosovH.— All  the  German  species  of  Daphne  (D.  3h:;r, 
D.  atriala,  and  D.   Luurcola)  are   poisonous.     D.   ilc:creniii. 


;  perianth  and  niidrwciuiu  tonv- 


,  Google 


mental  shrub,  familiar  in  cultivation,  has  fragrant,  roae-coloured  sessile  (lowers, 
which  make  their  appearance  in  the  early  spring,  before  the  foUage'leaTes,  on  the 
shoots  of  the  previous  year.  The  fruit  is  a  red  berry  about  the  siz»  of  a  pea 
(Fig.  BIO). 

Family  Elaeagnaeeae.  —  Corolla  always  auppresaed ;  ovules 
ERECT ;  fruit  Burrounded  by  the  persistent  fleshy  receptacle.     Woody 

plants,  WITH  SCALY  HAIRS. 

Hij/pDyhal  rkamnoiiUs  is  a  thorny  shrub,  sometimes  common  ou  the  banks  of 
European  streams,  wit!)  leaves  on  the  under  side,  covered  with  hairs,  giving  them  a 
silvery  appearance.  Several  species  of  Eiacagnti)  and  Skfpherdia  (North  America) 
are  frequently  cultivated  as  garden  glirubs. 

The  family  FroUiKcae,  comprising  a  large  number  of  Australian  and  South 
African  plants,  is  included,  with  some  uncertainty,  in  this  order.  Several  species, 
on  account  of  their  large  and  beautiful  flowers,  are  cultivated  in  conservatories. 


Order  16.  Trieoecae 
Family   Enphorblaceae.  —  Rowers    hypogynous,   actinomorphic. 


MOSTLY  UNISEXUAL;   perianth   rarely  double,   usually   simple   or 
WANTING;    androecium    l-tomerous;    ovary   of   three   carpels,   tri- 


Ku^ihorbvi  I^lh;fyi»,  A,  CyalUUiin  (X  &) 
C,  KCfl  cut  Ihroiiali  loiigitutliiiBlly,  shon 
Liicle  (iiiagiiitie4).    (.Aft^r  Baillok.} 


locular,  with  one  or  two  suspended  ovules  in  each  loculus ;  micropyle 
UPWARDS  ASD  ouTWAitD«,  and  covered  with  a  fleshy  out- 


.,  C"itK>^lc 


BBCT.  II  PHAtTEEOOAMU  641 

growth   (caruncle).      Fruit  commooly   a  capsule,  wboso   carpei£ 

SEPARATE      ELASTICALLY      FROM      A     CENTRAL     COLUMN      (FigB.      511- 
516). 

The  single  constant  cliaracteristic  of  the  Trieoccae  is  the  manner 
of  attachment  and  structure  of  the  ovule.  The  Euphorbiaeeae  include 
plants  of  the  most  varied  habit,  embracing  herbs,  Cactus-like  succu- 
lents, shrubs,  lianes,  and  trees,  whose  leaves  may  be  large,  or  small, 
or  reduced  to  scales,  or  represented  by  pbyllocladia. 


The  flowers,  which  individually  are  always  small  and  inconspicuous, 
display  the  same  variety  in  their  structure  as  the  vegetative  parts. 
They  are  sometimes  arranged  in  flower-like  inflorescences  enveloped 
by  a  corollaceous  slieatli  (c/. '  EuphorUa).  Although  some  few 
species  produce  dry  indehiscent  fruits,  berries  or  drupes,  the  usually 
trilocalar  capsules  whose  carpels  or  cocci,  in  dehiscing,  separate 
elastically  from  a  central  column  (sometimes  with  groat  violence,  e.g. 
JJura  crepUans),  and  split  almost  to  their  base,  constitute  an  easy  and 
certain  means  of  recognising  the  majority  of  the  Buphtn-lnaceae.     In 
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spite  of  the  great  variety  displayed  by  the  different  membera,  they  are 
BO  linked  together  by  intermediate  forms  that  this  family  forms  one 
of  the  most  natural  of  the  vegetable  kii^om. 

Rbpsbbehtative  Oeneba. — Euphorbia,  the  Spurge  (Figa.  GI1-6I4).   Numeroas 
stalked  male  flowers,  eacli  conaiBting  of  a  single  atamen,  and  one  stalked  female 


Fia.  ilb.—BKinviammtinit,  greatly  reduced ._J>o/M.vurs  and  OrriciSiU    (ASjet  Biillok.) 

flower,  are  together  enveloped  b;  a  lobed,  bell-sliBped  involucre,  forming  an  in- 
floreBcence  termed  a  □va.thiL'U.  Such  a  cjathium  resemhlea  a  single  hermaph- 
rodite flower,  partioularlj  when  the  eheathing  involucre  ia  corollaceous.  That 
it,  in  reality,  represents  an  inSoreacence,  ia  apparent  from  the  indication  of  a 
segmentation  visible  below  each  atamen,  and  slao  from  a  comparison  with  allied 
genera  in  which  each  flower,  although  otherwise  similarly  constracted,  is  provided 
nith  a  perigone.  Alt  the  species  of  Ev-^lutTbia  have  unaeptated  latex-tubes  con- 
taining ft  milky  juice.     MerewriaMt:  flowers  dicecions,  with  gteeii  p 
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dimerons  ovsriea.  Croton:  all  tbe  species  of  thi»  genus  ore  tropic&l  shrubs  with 
moii<»!iQus,  heterochlftroydeona  flowers.     Bieinut  (see  under  Officinal). 

Qeoobafbical  Distribution. — The  plants  of  this  family  ara  native  chieflj  of 
tropical  countries,  where  they  occur  usually  in  the  form  of  shrubs,  rarely  oa  lianas 
or  trees.  Caoutchoi'c  is  derived  from  many  of  the  tropical  speciee,  e.g.  ffevea 
guyantiuii  and  S.  bratilientii  (South  America).  The  roota  of  ifaniiiot  ulilUnma 
(Manioc,  Casaaya)  form  an  important  article  of  food  in  the  Tropics  ;  from  them 
Tapioca,  is  obtained. 

Poisonous.— Both  the  latei  and  seeds  of  most  Eupkorbiaeeae  contain  toiic 
principles.  Some  species  belong  to  the  moat  poisonous  of  plants,  e.g.  the  tropical 
American  Hippoinane  MaiKiitella,  wboae  dangerous  character,  however,  has  been 


considerably  exaggerated.  All  the  species  of  Euphorbia  (Figs.  513,  514),  and  also, 
though  to  a  less  degree,  the  species  of  Hereurialii  (Fig.  516),  are  [loisonous.  The 
seeds  of  JiiHnia  communis  (tbe  Castor-oil  plant.  Fig.  515),  hut  not  tbe  oil  pressed 
from  them,  contain  a  deadly  poison. 

Officinal.  — EupHORDiUM,  from  Euphorbia  reainifera,  a  Cactus-like  shrub 
growing  in  Morocco  (Fig.  513).  Cortex  Cascabillab,  from  Croton  EleuUria 
(Bahama  Islands).  Oleum  Crotonis,  from  Crotov,  Tiglium  {East  Indies). 
Kauala,  the  glandular  hairs  of  tbe  capsules  of  Mallotut  pkilippinemia,  a  small 
tree  widely  distributed  in  East  Asia  and  Australia.  Oleum  RiriNi,  obtained  from 
the  seeds  of  Sicinut  commania.  The  Castor -oil  plant,  now  so  familiar  in  cultiva- 
tion, in  its  native  home  in  Africa  is  a  tree-like  plant  with  large  pabnatoly-lobed 
leaves.  The  male  Howers  have  branched  stamens  and  occupy  the  lower,  the 
female  the  upper  part  of  the  axis  of  the  inflorescence.  Both  kinds  of  flowers  are 
provided  with  a  simple  envelope.  '  The  fruit  is  a  three-seeded  spinous  capsule. 
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Tlie  BDial]  family  Callitrichaetae  is  alao  considered,  althougli  not  nitli  certainty, 
to  belong  to  the  aame  alliance  al  the  Ettphorlriaceae.  It  compriaes  only  Binall 
aubmerged  water-plants  with  nniaeiual  naked  Don-era  ;  each  male  fiower  consists 
ofoiil;  one  stamen,  and  each  female  (lower  of  a  single  pistil. 


Order  17.  Umbelllflorae 

Flowers  actinomorphic,  more  rarely  slightly  zygomorphic,  epigynoiw, 
with  a  four-  to  five-meroua  perianth,  HapLOSTEMOJJOUS  ;  calyx  greatly 
REDUCED;  an  intra-Etaminal  disc  present;  gyncecium  usually  dimerous  ; 
ovary  bilocular,  with  ONE  ovule  In  each  lociilua ;  seeds  with  large 
endosperm.     Herbs  and  shrubs,  commonly  WITH  HOLLOW  AXES  ;  leaves 

DIVIDED  or  COMPOUND,  usually  WITH  SHEATHING  BASES  ;  flowerS  SMALL, 

aggregated  in  umbels  or  in  umbellate  inflorescences. 

In  the  structure  of  their  flowers  and  fruit  the  Uaibdlifiorae  bear 
a  close  resemblance   on  the  one  side  to  the   few  epigynous   Frak- 
GULIXAE,  on  the  other,  through  the  CapHfoiiaceat,  to  the  HvHinae,  from 
which    they  essentially  dilTer    in   not    having   gamopetalous   flowers. 
The  union  of  the  members  of  this  group  into  a  natural,  systematic 
order  is  chiefly  based  on  the  similarity  exhibited  in  the  form  of  their 
inflorescences  and  on  the  resemblance 
existing     between    their    vegetative 
parts,     The  designation  of  the  whole 
order  aa  UmhdHfiorae  has  reference 
to  the  umbelliform  manner  of  branch- 
ing displayed  in  the  floral  region ; 
the  inflorescences  are  usually  com- 
pound umbels,  rarely  simple  umbels 
or    umbellate    panicles    or    cymes. 
The  flowers  in  most  cases  are  white 
or  yellow.     There  is  a  similar  corre* 
spondence  in  the  vegetative  oi^ns. 
The    stems    are   generally   hollow ; 
the  leaves  are  scattered,  often  verj' 
large,  usually  much  divided  or  com- 
pound, and  almost  always  with  stalks 
broadened  at  the  base  into  a  sheath. 
Family    Comaceae.  —  Perianth 
and  andrtecium  usually  tetramerous; 
petals   VALVATE   or    imbricated  in 
the    bud  ;    gyncecium     most    often 
dimerous  with  simple  style  ;  ovary 
'  one-  to  four-locular ;  fruit  a  DRUPE 
or  BERRY  (Fig.  517). 

This  family  forms  a  connecting 
link  between  the  Rhamnac^ie  and  the  typical  (Jmbellijlorae.     It  com- 


d.  MT,— Cornium. 
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prises  but  few  herbs,  and  is  usually  represented  by  woody  plants  with 
flowers  arranged  in  dichasial  inflorescences,  and  with  decussate  leaves, 
which  are  generally  undivided  and  without  a  sheath,  e.ff.  Coriias,  Dog- 
wood, Cornel  (Fig.  517). 

Family  Araliaceae. — Perianth  and  andrcecium  usually  prnta- 
MKROUS  ;  petals  valvate  in  the  bud  ;  gynoecium  generally  more  than 
UIHEROUS ;  styles  most  frequently  FR£E  ;  ovary  one  to  many  locular  : 
fruit  a  DRUPE  or  berry  (Fig.  .^18). 


A  family  of  small  woody  plants  with  stems  either  hollow  or  filled 
with  a  spongy  pith ;  rarely  solid  and  woody.  The  leaves,  which 
are  scattered  and  provided  with  sheathing  bases,  are  lobed  or  com- 
pound. The  flowers  are  arranged  in  umbellate  or  capitate  inflores- 
cences, which  are  frequently  aggregated  into  panicles. 

Tlie  Araliaeeae  Are  found  chiefly  in  tropical  Asia,  wh^re,  in  the  fonn  of  small 
fljiaringly- branched  trees  with  large  divided  leaves  and  enormoua  inflorescences  of 
small  yellow  flowera,  they  constitute  a  characteristic  part  of  the  vegetation.  To 
thia  family  helonga  the  Ivy,  Ilcdtra  Helix  (Fig.  518),  a  root-climbing,  evei^een 
shrub,  with  differently  sliaped  leaves  on  the  fertile  and  sterile  shoots.     The  berries 


Family  Umbellirerae. — Perianth  and  androecium  generally  penta- 
merous ;    petals  valvate    in    the    hud ;    gynoecium    dimerous,    with 
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FREE  STYLES;  fruit  scbizocarpic,  usually  with  oil-ducts.     Flowers, 
with  few  exceptions,  in  compound  umbeia  (Figs.  519-525). 

,  The    UmbeUiffTM  form    one   of    the    most 

^*»»^,  natural  and  easily  recognisable  plant-families. 

They  are,  in  the  majority  of  cases,  perennial 
herbs  with  hollow  stems  and  divided  leaves 
with  sheathing  bases.  The  intloresceDces  are 
usually  compound,  and  consist  of  many  umbels 
of  small  white  or  yellow,  rarely  reddish  or 
violet,  flowers,  which  give  rise  to  brownish 
ribbed,  aromatic  schizocarps  (Figs.  520,  521). 

The  umbels  arc  often  altogether  devoid  of  subtend- 
ire  present,  they  fonn  an  JnconsptcuouB  whorl  of  bricts, 
m  at  the  base  of  the  campouod  umbel,  an  involucel  if 
Biibteiiding  the  umbelletsor  secondary  umbels 
(Figs.  623,  524).  The  presence  or  absence  of 
inrolucral  whorls  is  characteristic  of  different 
genera,  and  is,  therefore,  of  great  service  in 
diatingaishing  them. 


'  The  following  eiamplea  may  be  cited  as 
illustrating  deviations  from  the  usual  habit : 
'  simple  entire  leaves  {t,g,  Buplenram) ;  simple 
umbels  {e.g.  Astrimtia) ;  compound  inflor- 
escences, paniculate  {e.g.  Dorema)  ;  large 
coroUaceoua  involucres  {e.g.  Aitrantia,  Sryngium).  The  most  atriking  variation 
from  the  tjpical  habit  is  the  occurrence  in  temperate  South  America  of  UmbelH/erac 


rips  frnlt ;  2,  a  Hower  ;  a,  the  sanio  ci 
IhrougU  loDgitudinslly ;  4.  tmil; 
tiansverae  Bflctlon  of  tnlt.—Orrict.vA 
(Attar  WosaiDLo.) 
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with  Bolitary  flowers  (Azortlla),  All  tlie  flowers  of  ui  umbel  &re  usanllj  actmo- 
morphic  and  hermaphrodite.  Sometimea,  as  ut  Coriamirum  and  Heracleiim  (Cow- 
Faranip),  the  peripheral  flowers  are  zygomorphic  ;  or  in  some  oases  the  umbel  has  a 
central  tenninal  flower  ofa  diatinoUva  colour  and  aizo  [e.g.  Dauais),  or  it  may  consist 
in  part  of  uniaexual'flowerB.  The  calyx  is  usually  barely  distinguishable ;  the  petals 
ate  provided  with  a  short  claw  and  are  obcordste  in  shape  or  have  incurred  apices. 
The  disc,  which  is  sometimes  termed  a  oynophore,  consbts  of  two  cushion-like 
swellings  and  secretes  honey.  The  stamens  are  incurred  in  the  bud.  The  styles 
are  short  and  divergent,  with  their  apices  not  distinctly  differentiated. 

An  exact  knowledge  of  the  structure  of  the  fruits  is  indispenaable, 
as  these  exhibit  the  most  important  diBtinguishing  characters  of  the 


Fio.  522.-Cici((B  if  nun  (J  mt.  ^le).— ro(so.voi-s 

Species,  which  in  other  respects  are  very  much  alike  (especially  poisonous 
species).  The  fruits  of  many  species,  moreover,  are  officinal,  or  are  used 
as  spices.  The  fruit,  which  is  usually  small  and  of  varying  shape,  is  a 
dry  schizocarp,  and  splits  when  ripe  into  mericarps.  It  is  most  fre- 
quently somewhat  elongated,  and  circular  or  elliptical  in  transverse 
section ;  in  the  latter  case,  with  the  major  axis  either  perpendicular 
or  at  right  angles  to  the  plane  of  union  of  the  two  carpels.  When  an 
elliptical  transverse  section  is  very  narrow,  the  fruit  is  disc-shaped 
(Heradeum).  Fruits  of  a  spherical  {Coriandnim)  or  double-spherical 
form  {Bifora)  are  more  rare.  After  their  separation,  the  two  carpels 
or  mericarps  usually  remain  suspended  from  a  forked  stalk,  the  CARPO- 
PHORE, until  they  are  eventually  detached  by  the  wind.  A  carpophore 
is  absent  in  only  a  few  species  {e.g.  the  formerly  officinal  OenanAe 
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Pkellandrium).  Each  mericarp  bears  on  its  free  surface  five  longitudical 
ridges,  enclosing  vascular  bundles ;  these  are  known  as  the  main  ribs 
(JUGA  PKJMARIA).  The  FURROWS  (VALLECULA)  between  the  ridges 
are  usually  dark-coloured  in  consequence  of  the  reddish-brown  oiL- 
DUCTS  (viTT^)  which  occur  immediately  below  in  the  tissue  of  the 
pericarp  (Fig.   521,   1).     In  many  species  each  of  the  furrows  is 


m  lalifMui^  ({  luit.  s\iti.—Poiaoxo 


traversed  by  a  secondary  ridgb  (jugum  secundarium)  ;  the  prickly 
fruit,  for  example,  of  the  common  Carrot,  Daucus  Carola,  possesses 
prickly  secondary  ridges.  In  many  genera  (e.g.  Piiapinella)  eeveral 
oii-ducts  occur  below  each  furrow  (Fig.  521,  2);  in  others,  the  oil- 
ducts  may  be  present  in  less  than  the  usual  number  (Coriatidrum,  Fig. 
521,  i)  or  altogether  absent  {Coniunt,  Fig.  521,  3).  The  seed  com- 
pletely fills  the  whole  cavity  of  the  mericarp,  and  is  adherent  to  the 
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pericarp.     It  containB  a  large  oleaginous  endoBperm,  in  the  upper 
part  of  which  the  minute  embryo  lies  embedded. 

According  to  the  form  assumed  by  the  endosperm,  the  following 

sub-families  may  he  distinguished. 

I.  Ortheiptrmeat. — The  enddaperni  flat,  or  sliglitty  convex  on  the  veotral 
side,  i.e.  on  the  side  tamed  towards  the  plane  of  junction  of  the  two  meri- 
oarpa  (Fig.  521,  1,  2),  e.g.  HydracolyU  (Water- Penny  wort),  Sanimla,  (Sauicle), 
Eryngium  (Erjngo),  Cicuta  (Water- Hemlock),  Carum  (Caraway),  PelroHlinwm 
(Parsley),  Pimpintlla,  Sium  (Water  -  Parsnip),  Buplturum  (Thorough  -  wai), 
(toui?t(Ae  (Drop- wort),  Aethuaa  {FooI'b  Parsley),  FotniiMlam  (Fennel),  Ltviitieam 


Fia  sai.— ^ertum  CunajriUDi  ^  nat.  ilM),  — Po/go.voc* 

(Lovage),  Angelica,  Arrkangelica,  Heraclcum  (Cow- Parsnip),  faalinaca  (Parsnip). 
Daueta  (Carrot},  ete. . 
'  2.  Campylospermeae.^-Tbe  ventral  side  of  the  endosperm  is  traversed  by  a  longi- 
tudinal groove  (Pig-  521,  3)  :  e.g.  Cauealis  (Bur  Parsley),  Torilis  (Hedge  Parsley), 
5OTndi^(Shepherd'8  Needle),  -<«(A™cth  (Beaked  Parsley),  Charrophylhim  (Chervil), 
Coniam,  (Hemlock),  etc. 

3.  Cotlotp<rmcai,—T\if  ventral  aide  of  the  eodosperm  is  concave,!!.^.  Corian- 
drum.  Coriander  (Fig.  621,  4). 

Ceocraphical  D18TRIBIT10N. — The  numerous  H|)ecies  of  UnthtlUfera';  are,  for 
the  most  part,  iadigenoua  to  the  Korth  Temperate  Zone  ;  those  occurring  in  the 
Tropica  grow  almost  exclusively  in  the  cooler  mountainous  regions,  while  the 
South  Temperate  Zone  possesses  some  peculiar,  abnormally- developed  forma. 
Many  members  of  this  [amily  are  cultivated  for  culinary  purposes,  in  most  cases 
on  account  of  their  aromatic  projierties  ;  e.g.  the  Common  Carrot,  Daucus  Carola 
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var.  acUiva;  Celery,  Apium  graveolaui;  Qarden  Cherril,  Aidkriaeua  Cer^oUum; 
Parsley,  PtCroulinum  sativum  ;  Dill,  AiKthum  graveohm ;  and  also  Mverat  of  the 
officinal  epecies. 

PoisoNOUB.~COTiiu>n  maeulatum,  the  Poieon  Hemlock  (Fig.  623),  a  olabkocs 
herb,  often  more  than  a  metre  in  height,  with  hollov  stems  and  dall-greea  de- 
componud  leaves.  The  lower  parts  of  the  stems  are  very  ft^qoeutl;,  but  not 
always,  purple -spotted.  The  plant  is  etwil;  recognieed  b;  the  wavy,  crenate  ridgea 
of  its  short,  Uterolly  compressed  fruit,  and  also  by  its  disagreeable  odour  when 
braised  (resembling  that  of  mice).  Cicula  mrota,  the  Water- Hem  loch  (Fig.  522), 
a  large  herb  growing  along  the  edges  of  ponds  and  ditches,  is  one  of  the  most 
dangerous  of  poisonous  plants.  It  has  a  turnip-like  white  buizome  fi;ll  of 
INTEHNAL  CAVITIES,  Bod  Urge  tripiuiate,  leaves  with  narrow  lanceolate,  serrate 
leaflets.  The  small  white  flowers  are  aggregated  in  compound  umbels  and  prodoce 
Bubgloboee  fruits.  Berula  angiuli/olia  and  the  different  species  of  i^ium  and 
Ocnaatht  are  less  poisonous  ;  they  are  all  manh  or  aquatic  plants.  The  last-named 
genus  is  easily  dietinguishahle  by  the  absence  of  a  carpophore.  Sitim  tati/olium 
(Fig.  624),  which  is  frequently  found  in  company  with  the  Water-Hemlook,  has 
simply  pinnate  leaves  with  lanceolate,  sharply  serrate  leaflets.  The  Fool's  Parsley, 
Aelhuta  Cynapium  (Fig.  525),  a  common  weed  in  gardens,  produces  an  intoxicat- 
ing effect  when  eaten.  It  differs  from  the  true  parsley  in  having  white  instead 
of  yellow  flowers,  ose-bided,  thkee-leaveb  (instead  of  six-  to  eight-leaved) 
iNvoLVCELS,  and  an  odour  of  garlic. 

Omci'Sk.h.—ArehangelUa  qgieitialU  yields  Radix  Anoelicab  ;  Lmittieuia 
oJ^iiiaU,  Ead,  Lbvistici  ;  Fimpintlla  magjia  Aod  P.  Saxifraga,  Bad.  Pimpi- 
NELLAE  ;  Piinpinrlla  Anifum  (Anise),  Fkuc'TUK  Anisi  ;  Foeniculum  eapilla/jeum, 
FnucTt-a  FOEKICL-Ll;  Carum  Carvi  (Caraway),  FrucTus  Cakvi  ;  Corumdmni 
sativum,  Fbuctus  Cobiandri  ;  Ctmtunt  maeulatum,  Herba  Comi  ;  Donma 
Ammoniacum  (Persia),  AHUONlAcru  ;  Ftmta  galhanifiua  and  rui/rieaidis  (Persia), 
Oalbanuh  ;   Ferula  Nartkex  (Persia),  Asapoetida, 

OFder  18.  SaxifMglnae 

Flowers  hypogynoua,  perigynoua  or  epigynoiis,  actinomorphic,  in 
perianth  and  androecium  pentameroua ;  stamens  usually  oBDtPlX)- 
8TSM0N0US ;  gyncecium  two-  to  five-meroua,  syncarpous  or  apocarpous ; 
seeds  generally  albuminous. 

This  order  is  somewhat  artificial,  and  difficult  to  characterise,  as  it 
consists  of  membera  which  exhibit  a  great  diversity  in  the  structure  of 
their  flowers.  It  cannot  be  sharply  separated  from  the  Boaflorae  ;  and  • 
as  it  stands  also  in  close  affinity  with  the  Cystifiorae,  Myrtifiorae,  and 
Eridnae,  it  may  be  regarded  as  constituting  an  intermediate  group 
uniting  all  these  different  alliances. 

Family  Crassulaceae. — Flowers  hypi^ynoua  or  epigynous,  herma- 
phrodite, vith  a  variable  number  of  members  in  the  different  whorls ; 
perianth  differentiated  into  calyx  and  corolla;  andrcecium  obdiplo- 
stemonooa  or  haplostemonous ;  carpels  FREE  or  slightly  imited,  with 
GLANDULAR  SCALES  (disc),  One  at  the  base  of  each  carpel ;  capsules 
containing  numerous  small  seeds  with  little  or  no  endosperm. 
Succulent  herbs  and  undershrubs  (Fig.  526). 
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The  members  of  this  family  are  easily  recognisable  by  their  fleshy,  entire  leaves. 
Their  flowers  ore  QBOally  bright  yellow  or  red  in  colour,  and  are  arranged  in  oymoae 
inflorescencea. 

Geoo RAF Hic  A L  Distribution. — The  Crowu^oMtM,  like  all  saccaleata,  thrive  beat 
in  dry  sunny  situations.  Tbey  are  almost  nniversally  found  on  rocks,  valla,  and 
roofe.     The  genua  Stdnm  has  usually  pentamerous  flowers  :  Sedum  acre,  the  Moasy 


Fill.  M«.—Stiiuia  Trl'phimn.    a,  FlontM : 

Stonecrop,  grows  on  walls  and  rocks,  as  does  also  S,  Telepkiam,  the  Garden  Orpiuo 
or  Live-for-ever  (Fig.  528).  The  Howera  of  the  genus  Stmpervivam  are  8-"5  merous. 
S.  Ifttorum,  the  Houseleek,  and  other  species,  as  also  species  of  Crassula  (haplo- 
atemonous),  Scdum,  Edieteria,  etc,  are  frequently  cultivated. 

Family  Saxifragraceae. — Flowers  perigynoua  or  epigynous,  herma- 
phrodite, with  calyx  and  corolla ;  stAmens  obdiploBtemonous  or  haplo- 
stemonous ;  carpels,  usually 
two,  wiTHOirr  scales,  and 
UNITBD,  either  wholly  or  only 
at  the  base.  Fruit  usually  a 
capsule,  containing  numerous 
small  seeds  with  abundant 
endosperm  (Fig.  527). 

The  Saxifragaaae  comprise  u 
numher  of  herbs  dnd  woody  plants 
very  unlike  in  appearance.  The 
flowers  are  small,  or  at  moxt  only 
medium-sized  and  aggregated  into 
inflorescences. 

Geookafhical  Distribution. 

— In  Northern  Europe   the  genua 

Saxifraga    is    widely   represented 

by  numerous  species  on  Che  rooks   „,„„,.     ^        ,_,,..,      j      ^       i    » 

and  boulders  of  mountains.      Most         g^„„  ^.^  uin,,^],  longituilimlly  ;  S,  fnilt  Id  tmns- 

of  the  members  of  this  family  are         versrKwtion  ;-(,  longitudinal Becliou  at leed.    (An<r 

fonnd    in    the    Temperate    Zone,        WoaamLo.) 

althoQgh  a  relatively  large  number 

occur  also  in  the  Arctic  regions ;  Sajiifraga  ipanulaia,  S.  Iridaclytilea,  and  Par- 

tuutia  paltislrU  are  representatives  of  the  family  in  the  plains.     Several  species 

of  the  genna  Itibea  arc  cultivated  for  the  sake  of  their  fruit  (e.g.  R.  T-u^rum,  the 
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Red  Currant ;  S.  iiigrttin,  the  BUck  Currant ;  R.  Orossularia,  the  Goosebeirj] ; 
while  other  species  of  the  same  geane  and  other  genera  are  frequently  used  u 
ornamental  plants  {Smci/raga,  Hydrangea,  Philadelphia,  Devlzia). 

Officikal.— SvBUPUS  BiBiUH  from  Jiibe$  rabnint. 

The  Samajnelidaceae,  a  eub-tropioal  family  of  woody  plants  with  apetalaaa 
floweni,  are  very  closely  allied  to  the  Saxi/rai/aceae. — OpMrlNAL  :  Stybax 
LiQi'tDUs,  obtained  from  the  balsam -canals  in  the  cortex  of  Liqtiidambar  alyraajtua. 

Family  FUUnaoMM. — Flowers  MOHfflCiofs,  with  nnoiiiENTABY  pbbianth  ; 
the  male  with  beducbd  andraciuro  ;  the  female  perigynoUB,  with  free  carpels. 
Seeds  without  endosperm.  This  family  includes  only  the  single  genus  Ptatanta, 
with  hut  four  species,  all  of  which  are  trees  with  acalj  bark,  palmately  lobed 
leaves,  and  sheathing  connate  stipules.  The  flowers,  which  are  small  and  In- 
stf^ificant,  are  clnsCered  into  spherical  heads  with  long  stalks ;  the  fruit  is  a  nuL 
Ptalamti  oritntalia,  from  Western  Asia,  and  P.  accidenlalis,  the  American  Plane- 
tree,  are  frequently  grown  as  shade-trees. 

Order  19.  Soslflorae 

Including  the  single  family  Bosaceae. — Flowers  perigyoous  or  epi- 
gyoouB,  almost  always  actinomorphic ;  perianth  generally  pentaroerous ; 
Biamens  usually  MORE  NUMEROUS  than  the  perianth  leaves  ;  gynoecium 
in  perigynouH  flowers  entirely  apocarpous,  in  epigynous  flowers  with 
at  least  the  upper  part  of  the  carpels  free  ;  seeds  WFIKOUT  ENDOSPERM. 
Leaves  ALTEENATE,  STIPULATE  (Figs.  528-532). 


The  flowers  of  the  Rosaaae  may  in  all  cases  be  derived  without 
difficulty  from  the  typical  Dicotyledonous  type,  although  it  is  shown 
in  an  unmodified  form  in  only  a  few  genera,  eg.  in  QuiUaja,  whose 
flowers  are  constructed  of  five  pentameroua  whorls.  The  flowers  of 
most  of  the  species  are  characterised  by  the  possession  of  an  indefinite 
number  of  stamens,  as  a  result  of  the  splitting  of  the  whorls  and  of 
the  individual  members  of  the  andrcccium.  A  similar  multiplication 
of  the  parts  is  also  of  frequent  occurrence  in  the  gyncecium.  A  rose 
with  its  numerous  stamens  and  apocarpous  gynoecium  consisting  of 
numerous  carpels  may  serve  aa  the  type  of  the  flowers  of  the  Itosateue. 
Similar    polyandrous,   apocarpous    flowers  are    characteristic  of    the 

.oogic 
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Eanunaiiaceae,  bat,  as  they  are  bypogynous  and  bave  the  parta 
arranged  spirally,  they  differ  greatly  from  those  of  the  Bosaceae.  On 
the  other  hand,  although  lesa  frequently,  the  flowers  of  this  family  may 
suffer  a  reduction  of  their  parts.  Thus  in  the  flowers  of  the  genus 
Alchemilla  the  inner  whorl  of  the  perianth  is  wanting ;  the  andrcecium 
is  also  not  unfrequently  reduced  to  a  single  whorl,  in  Alchemilla  arvensis 
even  to  a  single  stamen,  while  in  the  Prwnoideae  the  gynoectum  con- 
sists similarly  of  but  a  single  carpel.  Such  reduced  and  modified 
flowers  are  linked  to  those  with  the  typical  or  greater  number  of 
parts  by  all  possible  transitional  forms.  The  greater  or  less 
degree  of  expansion  exhibited  by  the  floral  axis,  to  which  in  particular 
the  perigynous  and  epigynous  character  of  the  flowers  of  the  Bosaceae 
is  due,  has  been  in  large  measure  the  cause  of  the  variability  displayed 
by  Rosaceous  flowers  (Fig.  529).  In  the  simplest  cases  the  receptacle 
is  flat  or  cushion-shaped,  aa  in  many  species  of  Potentilla,  and  bears  the 


Fiu.  SaB.-KoKaai*.  Three  Bowfin  cut  lUfOugh  longitudinally  to  show  different  (brnii  or 
recapticlflA.  1,  Conuzriim  paluttre;  2,  AtiAemma  alpina,-  %  Pints  maiut.  (After  Fockk  In 
Natiirl.  P/lanienJavMlm.) 

perianth-leaves  and  stamens  on  its  margin,  while  the  carpels  are  in- 
serted on  its  surface.  In  other  cases,  as  in  the  Strawberry  and  Rasp- 
berry, the  central  portion  of  the  receptacle  is  prolonged  into  a  club- 
shaped  protuberance  to  which  the  carpels  are  attached  (Fig.  529,  1). 
In  other  cases,  again,  the  receptacle  is  extremely  concave,  cupular  iu 
Pnmus  and  Alchemilla  (Fig.  529,  2),  urn-shaped  in  the  genus  Rosa. 
The  epigynous  flowers,  such  as  those  of  the  Apple  (Fig.  529,  3),  differ 
from  the  perigynous  flowers  with  concave  receptacles,  in  that  the 
carpels  are  adnate  to  the  wall  of  the  receptacle. 

The  fruit  is  sometimes  dry,  sometimes  fleshy.  If,  in  conformity 
with  the  more  usual  custom,  only  the  product  developed  from  the 
carpels  after  fertilisation  is  termed  a  fruit,  a  Strawberry  must  be 
regarded  as  a  collection  of  numerous  nutlets  or  achenes,  and  an  Apple 
as  a  spurious  fruit.  According  to  the  definition  of  a  fruit  which  has 
been  adopted  in  this  book,  in  which  the  conception  of  the  term  fruit  is 
made  to  correspond  with  that  of  the  flower,  the  receptacle,  as  being  part 
of  the  flower,  may  also  take  part  in  the  formation  of  the  fruit.  The 
Strawberry  may  thus  be  regarded  as  a  juicy  fruit  with  dry,  superficial 
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carpels ;  while  the  Apple  may  be  described  as  a  berry.  In  other  cases 
the  fruit  is  capsular  as  in  Spiraea,  nut-like  as  in  Potermm,  or  drupa- 
ceous, e.g.  the  Cherry,  Raspberry,  and  Medlar, 

The  Rosaceae  are  herbs  or  more  frequently  woody  plants,  usually 
with  conspicuous  flowers.  Their  leaves  are  very  often  pinnate,  witJi 
toothed  leaflets ;  when  simple  they  are,  as  &  rule,  serrate  or  lobed, 
rarely  entira  The  stipules,  which  are  scarcely  ever  absent,  are  some- 
times herbaceous,  sometimes  scale-like. 


Sub-Families.— 1.  Pomoideae  {Fig,  630).— Flowers  epigynous  ;  frait  a  berty. 
(a)  Carpels  in  the  frait  parchmeiit-like  :  Firua  (incl.  Sorbut)  with  two  orulea, 
Cydonia  witli  numerous  ovules  in  each  carpel,  {b)  Carpels  in  the  fruit  hard  and 
stone-like  :  Mespiltii,  Crataegus. 

2.  Rotoidtae. — Flowers  perigjnous  ;  carpela  enclosed  in  the  fniit  bj  the  recep- 
tacle, (a)  Receptacle  becoming  hard  in  the  frnit ;  flowers  tetmnerons,  small, 
destitute  of  corolla  ;  Pottrium,  polygamoua  nith  anemophilous  flowers  in  capitate 
infloreacenoes  ;  SaTiguiaorba,  resembling  PoieriitTa,  but  the  flowers  are  entomO' 
philoua,  and  hermaphraditc  ;  Atdtemilla,  flowers  with  epicaljx.  (b)  Receptacle  as 
in  (a),  flower?  peiitajjieroua,  with  corolla:  Agrinumia,  Sagenia.  (c)  Receptacle 
flesh;,  flowers  with  corolla  :  Soia. 

S.  ICuboidcae  (Fig.  531). — Flowers  perigynoua  ;  receptacle  flat  or  convex,  with 
nnmerous  indehlacent  carpels  :  Poteniilla,  with  dry  fruit ;  Fragaria,  fruit  when 
ripe  consisting  of  n  fleshy  receptacle  with  dry  carpels  ;  RiAua,  carpels  drupsceons. 
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i.  SpiTOtoidau. — Flowera  perigynous  ;  receptacle  concave ;  carpelB  few,  when 
ripe  capsular  and  many-seeded  :  Spiraea,  Quillaja. 

6.  Prvnoideae  (Fig.  532). — Flowers  perigynous,  with  one  carpel  ;   fruit  a  drupe  ; 

8.   Chrytobalajioideae.—¥\oweTa  frequently  zygomorphic. 

Qeoubjiphical  Distribpiion.  — The  Jio»aMa«,  althongh  distributed  over  the 
whole  globe,  are  chiefly  represented  in  the  Temperate  Zone ;  in  the  Tropics,  with  the 
exception  of  the  Ckryiobalanoideae,  they  are  contijied  almost  entirely  to  the  high 
mountainous  regions.     The  Boaaceae  have  contributed  largely  to  the  list  of  culti- 


Fia  611.— flulniiJViilB 

vated  plants:  the  Pear,  Pirua  communis;  the  Apple,  Pinii  Maltu:  the  Quince, 
Cj/donia  valgarii ;  the  Medlar,  ile^ilua  germanica ;  the  Strawberry,  species  of 
Fragaria;  the  Raspberry,  BUckbarry,  etc.,  species  of  SuJms;  the  Wild  Cherry, 
PruHTU  avium;  the  Uwarf  or  MoreUo  Cherry,  JV.  Ceraaiu;  the  Wild  Plum,  Pr. 
domtstica;  the  Bullace  Plum,  Ft.  insililia, ;  the  Apricot,  Pr.  armeniaca;  the 
Peach,  Fr.  perHca;  the  Almond,  Fr.  Amygdalua.  The  Eosaccae  include  also 
many  ornamental  plants,  e.g.  various  species  of  Rosa,  CrataegTts,  Falenlilla, 
Ruina,  Spiraea,  Kerria,  Frwnus,  etc. 

PoisoHOirs.— The  seeds  of  many  species  contain  prussic  acid,  although  usually 
not  in  dangerous  quantities,  if  eaten  when  first  ripe.  The  leaves  of  the  Cherry- 
Laurel  (JVunus  LatLToccraiUj)  also  contain  prussic  acid,  and  when  eaten  they  act 
as  an  intoxicant. 


.,  Google 


OTFiciSAh.^Cydania  vulffarU  aSotda  Semen  Cvdoniae.  Hagenia  oiyutnuii 
(a  di<scioa8  tree  native  of  AbyBsinia,  with  greeaiab  female  flowers  whose  epicalyx 
and  calyx  turn  red  after  fertilisation)  yields  Fwrbs  Koso  (Fig.  528).     Rorae  Ce\- 


ALA  from  JCota  centi/oHa;  Oleum  Eosab  froiu  Mosa  etnl^/blia  &ad 
datiuiacena ;  SvBUPUS  S.VUI  iDAEi  from  Jf«6iu  idaau;  Amvodai.ab  ruLCES  and 
AuviiiiALAE  AMABAE  Ifom  Pmaus  Amygdaliu i  Fulfa  prunobum  from  Pr.  domes- 
tiea;  Folia  LAiTBOCEitABi  from  Pr,  Zauroaratut.  Quiltaja  Saponaria  {t.a  ever- 
green dio^ious  tree  iodigcnous  to  Chili  and  Peru)  yields  Cortex  Qlillajae. 


Order  20,  Legumlnosae 

Flowers  hypogynous  or  slightly  pkrigynous,  actinomorphic^  or 
more  frequently  zygomorphic ;  perianth  usually  pentamerous ;  mediaa 
sepal  anterior;  andrrecium  diplostemonous,  rarely  coneisting  of  an 
indefinite  or  reduced  number  of  stamens ;  gyncecium  of  one  carpel, 

generally    WITH     MANY    OVULES    ATTACHED,    IN     TWO     ROWS,  TO     THK 

VENTRAL  SUTURE ;  ffuit  Usually  a  LEGUME.     Seeds  mostly  without 
albumen.     Leaves  generally  compound,  stipulate. 

The  Lcguininoaae,  with  actinomoiphic  flowers,  resemble  tlie  DioQoc&rpellary 
Itoma-ac,  but  they  may  be  distinguished  from  tlieni  by  their  uoexpanded  or  only 
slightly  enlarged  receptacles,  and  by  their  Trait. 

The  structure  of  the  flower  is  also  as  varied  in  the  Leguminosae  as 
in  the  Rosifivrae.  The  Mimosaceae  have  actinomorphic  flowers ;  those 
of  the  Caesalpinia^ae  are  sometimes  only  slightly  irregular,  sometimes 
more  distinctly  zygomorphic,  leading  by  gradual  transition  to  the 
highly  zygomorphic  flowers  of  the  PapilionaKoe.     These  differences  in 
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the  structure  of  the  flowers  are  chiefly  due  to  the  various  forms  as- 
sumed by  the  corolla,  in  part  also  to  the  unequal  development  of  the 
andrtecium.  The  stamens  are  aometimea  straight,  sometimes  curved, 
united  or  free,  usually  ten  in  number,  but  at  times  reduced  by 
suppression  or  increased  by  division.  On  the  other  hand,  the 
gynoecium  and  floweraxis,  to  the  variability  of  which  the  diversity 
of  form  exhibited  by  the  flowers  of  the  Ronfiorae  is  so  largely  due. 


-j4cw£n  Sfjifffal,     Flowe 


are  very  uniformly  developed  in  the  Leffuminosae,  and  take  but  small 
part  in  the  various  modifications  met  with  in  the  structure  of  the 
flowers. 

Unlike  the  flowers,  the  fruit  of  the  Leguminosae  almost  always  pre- 
sents the  same  structure.  In  the  majority  of  cases  it  is  a  many- 
seeded  legume,  rarely  a  dry  indehiscent  fruit,  or  it  may  be  a  berry  or 
drupe.  Even  when  thus  modified,  all  the  forms  of  the  fruit  bear  a 
certain  degree  of  resemblance  to  each  other. 

The  inflorescences  are  most  generally  racemose ;  racemes,  spikes  or 
capitula,  with  in  all  cases  lateral  flowers.  The  leaves  are  scattered, 
usually  pinnate  or  bipinnate,  with  leuflets  either   entire  or   slightly 
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toothed,  never  deeply  lobed  or  incised.     Simple  le&vea  are  of  rare 
occurrence  in  this  order,  and  are  usually  small 

JoBt  as  in  most  of  the  more  natnrftl  orden,  the  attempt  to  divide  ths  Ltga- 
minotat  into  ftuniliM  i«  attended  with  difficulty,  w  the  extreme  fonna  ktb  linked 
together  by  all  possible  intermediate  stagea.  The 
whole  order  ia  in  consequence  sometimes  regarded 
OS  a  single  familj,  in  which  the  main  gronpa 
take  the  position  of  sub-hmilies.  In  their  typical 
represents ti Tea,  however,  these  groups  are  so  char- 
acteristically developed  that  it  seems  beat  to  con- 
aider  them  as  distinct  familiea. 

Family  Hlmosaceae. — Flowers  actino- 
MOBPHIC  ;  corolla  absent,  or  if  present,  with 
petals  VALVATE  in  the  bud;  andrcecium 
haplostemonous,  diplostemonoua,  or   poly- 

STBMONOUS,  USUALLY  WITH  FRKB  STAJIENS  J 

embryo  straight  (Fig.  533). 

This  family  consists  for  the  most  part  of  abrnbs, 
lianes  or  small  trees,  with  doubly  pinnate  leaves, 
or,  as  in  many  Australian  species,  with  phyllodia 
(r^.  p.  46).  The  flowers  are  small,  in  dense 
heads  or  spikes,  whose  bright,  usually  yellow, 
colour  is  duo  to  the  long  Btsmens  which  project 
beyond  the  inconspicuouB  perianth.  Tbe  more 
important  genera  are  Acacia  and  Uimoia.  Both 
genera  are  largely  represented  in  the  Tropics. 
Minuiia  pudiea,  the  Sensitive  Plant,  belongs  to  this 
family  ;  it  is  sometimes  cultivated  in  hot-houses, 
but  in  its  native  land  it  is  a  troublesome  and  worth- 
less weed.  In  Australia  the  Miinoaactae  occupy  an 
important  position,  and  together  with  Eucalyptus 
trees  they  form  the  chief  part  of  all  tbe  woody 
vegetation,  while  in  the  dry  regions  of  South  Africa, 
in  the  form  of  thorny  shrubs  (e.g.  Acada  horrida), 
they  often  constitute  the  only  woody  plants. 

Officinai.. — Aeada  Senegal,  a  shrub  native  of 

Flo.  63S.—TamaTindvi  indica.    the    Nile   countries    and    Senegal,     yields    GlTHMr 

Fnilt   in   longltudiuBl   section,    ababioum.     The  gum,  which  is  formed  by  the  di»- 

M,The  fle.hymesoearp.-o™-    organisation  of  the  stem -parenchyma,  eludes  as  a 

cix/il.       (After      Brao      anil    ...,„..,  j     ■      .l       i  j      «. 

ScHMim-l  thick  fluid  from  wounds  in  the  stems,  and  alter- 

warda  hardens.     Catechu  is  an  extract  made  from 

the  heart-wood  of  Acacia  Catechu  and  A.  Suiaa  (Eaat  Indian  trees). 

Family  Caeaalplniaeeae. — Flowers  more  or  less  zygohorphic  ; 
corolla  sometimes  absent,  when  present,  not  at  all  or  only  ihpkr- 

FBCTLY     papilionaceous,     with    ASCENDING     IMBRICATB     ESTIVATION 

{i.e.  the  posterior  petal  overlapped  by  the  others) ;  androecium  with 
FREE   STAMENS,  often  REDUCED,      Embryo  STRAIGHT  {Figs.  534,  535). 


.,  C"itK>^lc 


PHAHEEOGAMIA 


The  Caetalpiniaetat  are  shrubs  or  trees,  and,  unlike  the  Fapilionactat,  often  have 
bipinnate  leaves.  The  flowers  may  be  large  or  smaU.  Their  corolla  is  variously 
coaatnict«d,  sometimes  actinomorphic  {e.g.  Cassia,  the  zygomorphic  character 'of 
whose  flowers  is  due  to  the  andrtecium),  sometimes  strongly  lygomorphic  (Tam- 
arindus),  but  very  rarely  somewhat  papilionaceous  (Ctrcis  SiHqtiastrum).  The 
members  of  this  family,  vliose  largest  genus  is  Cassia,  are  almost  exclusirely 
tropical.'  The  coloured  heart-wood  of  many  species  gives  IhetD  a  great  tecbnioal 
value  (Logwood  IVom  Saemaloxyton  eampeiAianam,  Pemambuco  or  Brazil  Wood 
from  CaesalpmiabTOfilUn^).  The  Judas-tree  <Cerrf»  Siliquaslrum)  from  Southern 
Europe  (with  flowers  apringing  directly  from  the  stem),  and  the  Honey  Locust 
(Oleditsehia  triaeanthos)  from  North  America,  are  often  cultivated  in  parka  and 

OfnciNAL.— Folia  Sennae,  the  leaflets  of  Cassia  aeutifolia  (F.  S.   Albs- 
lE,  trom  tropical  East  and  Central  Africa)  and  of  Cassia  angustifolia  (from 


tropical  East  A&ica  and  Arabia ;  Tihhevblly  Sbnha,  from  planta  of  the  same 
species  cultivated  in  Southern  India).  The  officinal  species  of  Cassia  are  shrubs 
with  yellow-flowered  racemes  (Fig.  G34).  The  balsam-canals  in  the  wood  of 
Copai/era  jfuionejuis  and  C.  o^icinalis  (trees  of  troi)ical  America)  contain  Balsa- 
mum  OOPAIVAB.  Rhatany  Boot,  Rad.  Ratanhiae,  is  obtained  from  Krameria 
iriandra,  a  Peruvian  shrub.  LlONUH  Haeuatoxyli  in  the  heart-wood  oi  Haema- 
toxylon  campechianiiia  (South  America)-.  Pulfa  Tamarisdohuu  is  the  preserved 
fleshy  meaocarp  of  the  fruit  of  the  Tamarind -tree,  Tamarindas  indica  (Fig.  535). 

Family  Paplllonaceae. — Flowers  strongly  zygomorphic,  papii^ 
I0NACE0U8 ;  corolla  .with  descending  imbricate  .estivation  {i.e. 
the  posterior  petal   enclosing   the  others  in  the  bud) ;    andrcecium 
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always  diplostemonous,  monadelpbous  or  more  frequently  diadelpuouk, 
the  posterior  stamen  being 
free ;  the  embryo  curred 
(Figs.  536-539). 

The  PapUiimaceae  com- 
prise both  herbs  and  woody 
plants ;  many  are  stem-  or 
tendril-climbers.  The  leaves 
B  generally  oddly  pinnate. 
The  flowers  are  usually  dis- 
posed in  racemes,  more 
rarely  in  heads ;  except  in 
some     few     genera     which 

Fid  sf  -Pit  m  Kimi  .  ,,  si^ni:  b,  iMiiebi  of  iha  approach  more  nearly  the 
pinriat*  i«f  r  tpndrii ;  a,  axtB  of  floral  shoot :  n,  Co^salpiimceae  {e.g.  Toluifera), 
"''''"  "■  they    are    characterised    by 

papilionaceous  corollas  {Fig.  536).    The  posterior  petal  is  much  enlai^ed 

and  is  termed  the  STANDARD 

(VEXILLUM);  tlie  two  lateral 

petals  represent  the  WINGS 

(al-e),  while   the  two  an- 
terior  are   usually   united 

by  their  lower  margins,  and 

togeclier    form    the    KEEI.    - 

(carina).     In  the  bud  the 

wings  are  enclosed  by  the 

standard,  the  keel  by  the 

wings  (DESCENDING,  IMBRI- 
CATE ^estivation)  ;  in  the 
Caesalpiiiiaceae  the  gestiva- 
tion  is  in  exactly  the  re- 
verse order  (ascending). 
The  stamens  in  most  cases 
curve  upwards.  Tho  cohe- 
sion of  the  filaments 
does  not  generally  extend 
throughout  their  whole 
length,  so  that  tlieir  upper 
ends  are  usually  free. 
Stamens  wholly  free  are 
found  only  in  a  few  excep- 
tional genera,  such  as 
Tolwifera.  The  legiimes 
commonly  have  a  parcb- 
ment-like  wall ;  dry  indehiscent  fruits 
succulent  fruits  never. 


r 


Fid.  ta&.—CimiBiUa  wuia  (tut  nlie) 


arely  occur  in  this  family  : 
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Sub-Families.— 1.  ffenisfoirfeae.— Leaves  entire,  simple  or  pinnnte,  stBmens 
uauallj  united.     Ltipiniu  (Lupine),  CytUui  [Laburnum),  etc. 

2.  Trifolitideae. — Leaves  uauslly  pinnate  with  toothed  leaflets,  fruit  inde- 
hiacent.  TVi/olium  (Clover,  Trefoil),  vitli  persistent  perianth  ;  MrdUago  (Medick), 
with  deciduous  corolla  and  sickle-shaped  or  spirally- twisted  legumes  ;  Trigontlla 
(Trigonel):  Melilotus  (Melilot,  Swpet  Clover),  with  flowers  in  loose  racemes  and 


Fia.  SSe.-cyHM  latKrnMin.    FlowerioB  branch  and  young  IpgiimBS  (|  iiat.  aae).-Poiai>sovs. 
small,  elongated  or  globular  legonies  ;  Ononis  [Rest- Harrow),  irith  monadelphous 

3.  Lotoideae. — Stamens  diadelphoua,  AiUhyllis  (Kidney- Vetch) ;  LotUi  (Bird's- 
foot  Trefoil),  etc. 

4.  Qaltgoideae. — ^Leaves  imparipinuato.  Astragalut  (Milk- Vetch),  with  legumes 
imperCectlj  separated  by  a  false  dissepiment;  Rohinia  (Locust-tree),  etc. 

5.  Sedysaroideae.— Stamens  diadelphous  ;  fruit  a  jointed  legume  or  loment. 
CoTonilla,  Medysarum,  Deaiiwdiiim  (Tick -Trefoil)  ;  Onobrijcliii  (Sainfoin)  ]  Araekii 
{A.  hypogaea,  the  Pea-nut),  etc. 

6.  Vicioidcae. — Leaves  paripinnate,  often  terniinatiug  in  tendrils  (Fig.  637). 
Vida  (Vetch),  leaves  with  many  leaflets  ;  Lalhynit  (Vetchling),  usually  with  only 
two  leaflets  ;  Pimm  (Pea),  etc. 

2  T 
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7.  FhoMoloideae. — GlimbiDg  plonta ;  lesvea  UBuallj  impuipinnaU,  frequently 
ternsto.    Physatiigma  [Officisal)  ;  Fhaieoltu. 

Geoohaphical  DlBTRiBUTioN.— The  Urge  ftmily  of  the  Papilionaeau  is  not 
e:<cluBiTely  confined  to  anj  zone.  The  steppes  of  West«m  Asia  m  eBpeciaUj  rich 
in  P«pilioD»ceoU8  plants,  represented  in  particular  by  ahrubby  speciea  oi AMtragaliU, 
from  Thich  gum-tragacanth  is  obtained.  The  leaflets  of  the  pinnate  leiavea  of  the 
Tntgacanth  shrabs  eventually  fall  off  from  the  main  stalks,  which  remain  attached 
to  the  stems,  and  resemble  long  thorns.  The  giun  is  produced  by  the  disorgauisi- 
tion  of  the  stem -parenchyma,  and  eindes  as  a  viscous  flnid  when  incisions  are 
made  in  the  stems.  The  most  important  cultivated  plants  txe—Pimim  satimim, 
the  Pea ;  Phateolitt  vulgaris,  the  common  Kidney  or  FTencb  Bean ;  Vicia  Faha,  the 
Broad  Bean  ;  Ermtm  Lens,  the  Lentil ;  Doliehoi  Soya,  the  Soja  (Soy)  Beau  el 
Japan  and  China ;  Indif/oftra  species,  Indigo  (Tropics). 

PoiBONOLS.^The  seeds  of  the  Laburnum,  CijtUvs  Laburnum  {Fig,  63S),  a 
small  tree  indigenous  to  the  Alps,  sometimes  cultivated  in  gardens.  It  is  cbaracter- 
iaed  by  its  temate  leaves,  and  by  itn  racemes  of  large,  yellow  flowers  and  many- 
seeded  legumes.  The  other  species  of  the  same  genus,  C.  alpiaut,  C.  pvrpureut, 
C,  IVtldini,  C.  bifioras,  have  also  toxic  properties.  ConmiUa  varia  (Fig.  638),  an 
herbaceous  plant  vrith  umbels  of  rose-coloured  flowers,  is  also  considered  poisonous, 
and  the  familiar  ornamental  climber,  Wiataria  tinentit. 

Officinal, — Astragalu*  species,  from  which  Traoacantha  is  obtained.  The 
stoloDS  of  Olycyrrhiza  gtabra,  an  herbaceous  perennial  of  Southern  Europe,  con- 
stitute Licorice  Koot,  lUn.  LiqvibitiaE  ;  from  the  roots  of  the  variety  glandu- 
li/era  (Busaia)  Rad.  Liquir.  mcindata  is  procured.  From  Mtlitotas  allUtirnvs 
and  M.  officitialia  is  obtained  Hbrba  Meliloti  ;  fVom  Orumit  tpiiioga,  Rai>. 
Ono:<idi$,  From  the  seeds  (Calabar  beans)  of  Pkyioatigma  venenontm,  a 
climbing  plant  of  Western  Africa,  is  derived  the  alkaloid  PHTSOsrir.iiiKrii. 
The  stems  of  Andira  Araroba,  a  tree  native  of  Arazil,  contain  Chrtsauobinih 
in  the  Ibrm  of  a  powdery  e:tcretioii.  The  heart-wood  of  PUroearpus  tanialinvl,  an 
East  Indian  tree,  yields  Red  Sandalwood,  LiONUM  Santali  blbri'k  (Ptebocarpi 
Lioni'm).  Tolui/cra  Balsamtim,  a  tree  growing  in  South  America,  has  cortical 
balsam-canals  which  yield  the  Balsam  of  Toln,  Balsami'htoll'takiu  ;  BALBAiim 
I'BRl-viANUM,  the  Balsam  of  Peru,  is  supplied  by  Tolui/era  Pcreirat  (San  Salvsdor). 


Order  21.  Hyrtlflorae 

Flowers  perigynous  or  kpigynous,  usually  actinomokphic  ; 
perianth  mostly  TETRAUEROUS ;  aodrtecium  variable ;  gynteciuin 
ENTIRELY  SYNCARPOUS ;  ovary  septated ;  seeds  devoid  of  albumen. 
Leaves  generally  opposite  and  exstipulate. 

The  flowers  of  the  Mt/rlijlorae  are  very  similar  to  those  of  the 
Ronfim'iie.  Both  orders  are  characterised  by  the  variability  displaj'ed 
in  the  structure  of  their  flowers.  In  both  orders  the  flowers  are 
actinomorphic,  pengynoua  or  epigynous,  and  have  a  tendency  to 
increase  die  number  of  their  parts  by  splitting,  particularly  in  the 
andrcecium,  which  in  consequence  becomes  polyandrous  in  the  majority 
of  the  Myrlijlorae,  just  as  in  ItoHflorae.  The  main  difference  in  the 
structure  of  the  flowers  of  the  two  orders  is  exhibited  in  the  gyncBcium, 
which  in  the  Rosiflorae  consists,  at  least  in  the  stigmatic  region,  of 
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free  carpels,  while  in  the  Myrtifiorae,  with  the  exception  of  the 
group  Haioragidauae,  the  union  o(  the  carpels  is  complete,  extending 
also  to  the  stigmas. 

The  vegetative  organs  of  this  order  in  no  wise  resemble  those  of 
the  Bosifiorae.     The  Myrlijtarae,  on  the  contrary,  have  usually  opposite, 
entire  leaves,  never  compound ;  the  leaves  also  are  either  exstipulate, 
or  the  stipules  are  small  and  fugacious.     In 
this  order,  unlike  the  Roaiflorae,  many  of  the  ^.^^^ 

plants  possess  internal  glands,  which  secrete  /^S^^^^^^^x 

ethereal  oils.  if/  ■  _>»  ^\\ 

Family   Onafrnieeae. — Flowers    epioyn-         lli6  ^Q  oAfc 
ous,  actinomorphic,  tkteamerous  through-  V^"  o"'^7 

OUT;  stamens  DIPLOSXEMONOUS   (Figs.    540,  ^^^^^^^^--^ 

The  OmtgriKcae  include   only   herbs  and  Bhrubu.        Fni^MO.— Flonil  diggrmm of 
Tueir  Bowers  are  usuaUy  large  and  coDspiouous,  tlliV- 

ing  often  an  elongated,  tubular  rBce])tacle,  Their  fruit  ia  many-seeded,  and  may 
be  either  dry  or  juicy. 

Rephesentative  Oesera, — Epilobium  (Willow-herb)  has  a  capsular  Trnit  with 
liairy  seeds  ;  Cireaea  (Enchanter's  Nightshade],  with  two.ranked  leaves,  fruit  a 
nut ;  Trapa  (Horn-nut) ;  Oeaolliera  (Evening  Primrose) ;  Fuchsia  (Fig,  541),  with 
corollaceoiis  calyx  and  tubular  recegitacle,  cultivated.    These  are  chiefly  represented 
.  in   Northern  Europe    by   the    red- 

B  flowered  species  of  I^labium,  which 

j1    I  grow  in  damp  places  and  on  river- 

banka  ;  and  by  two  large  yellow- 
flowered  species  of  Oenothera  from 
North  America. 

GKOOBArHIC-AL       DiSTRlDUTION. 

— The  (Jita^raceae  are  native  chiefly 
of  the  temperate  zones  of  North 
and  South  America. 

Family     Haloragldaeaa*.— 
Flowers  very  small  ond  reduced,  with 
FHEF.  STHiMAS ;  Seeds  with    ENpo- 
■/  \  srEBM  ;  e.g.   JUyriapkyllaia  (Water 

^  "*  Milfoil)  and  Hippuria  (Mare^s-tail), 

aquatic  planbt  growing  partially  or 
wholly  submerged- 

Family    Lythpaoeae. — 

Flowers   perigynous,   regular 

or   zygom  Orphic,    in    perianth 

nM:.^:    FiomT»(not.  .iM).        ^^^  androecium  HRXAMEROUK, 

DiPLOSTEMONOUS  ;  gynoecium  of  two  to  six  carpels- 

This  family  oecura  for  the  most  part  in  tropical  America,  and  contains  chiefly 
herbs,  rarely  shrubs  or  trees.  The  flowers  are  usually  small,  either  apetalous  or 
provided  with  a  red  or  violet  corolla ;  they  jiroduce  a  dry  indehiscent  fruit.     The 
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Spiked  Loosestrife,  Lythrum  Saliearia,  s  plant  growing,  like  most  of  the  funilj, 
in  wet  meadows  and  Bwomps,  n  an  interesting  represeutatiTe  of  this  family  on 
account  of  its  het«rostjled  (trimorphio)  flowers. 

Family  Pnniokosaa. — Compriaing  only  the  genus  Punica,  with  two  species. 

PiiiiKa  Graiuiluni,  the  Pomegranate,  is  a  small  tree  with  scattered,  entire  leaves  ; 
it  grows  wild  in  the  East,  but  is  frequently  ealtivated  in  Southern  Europe.  The 
flowers  are  epigjnouH  ;  they  have  fleshy,  red  receptacles,  five  to  eight,  also  red 
and  fleshy  sepals,  and  an  equal  number  of  bright  red  petals,  which  are  crumpled  in 
the  bud;  numeroua  stamens  ;  nuhkeocs  united  corpeU  dibposbd  ik  two  whobls. 
The  Irait  is  a  beny  ;  it  retains  the  persistent  calyx,  and  is  filled  with  numerous 
seeds,  whose  succulent  testa  represents  the  edible  portion  of  the  fruit. 

Officikal. — Pjtnica  Qranatum,  from  which  is  obtained  Cobtet  Granati. 

Family  HeUstomktace&e.— Flower?  like  those  of  the  Onagraeeae,  or  perigynous ; 
anthers  usually  with  apfendaobs  and  opening  by  pobeh  ;  leaves  with  curved, 
longitudinal  nerves.  A  very  large  family  of  tropical  plants,  particularly  abundant 
in  South  America,  where  they  are  represented  by  a  number  of  beautiful  flowering 

Family  Hyptaceae. — Flowers  epiqynous,  actinomorphic,  with  foar- 
to  five-merous  perianth  and  usually  nuherous  stamens.  Evergreen 
woody  plants  containing  ethbrbal  OILS  (Fig.  542). 

The  plants  comprised 
in  this  family  are  shrubs 
or  trees,  which  are  pro- 
vided in  all  their  ot^ns 
with     roundish     glands 
containing  ethereal  oils, 
which  give  them  an  aro- 
matic odour-     The  pos- 
session  of   ethereal   oils 
is   the  most   distinctive 
characteristic      of      the 
family.     The  leaves  are 
opposite,  entire,  and   of 
an  elliptical  shape.     The 
flowers,    which     always 
have  both  a  calyx  and 
corolla,    are    solitary    or 
'   clustered,  and  often  very 
conspicuous.    The  corolla 
is   usually  white ;    it  is 
sometimes  reduced,  and  its  function  as  an  organ  of  attraction  is  assumed 
by  the  andrrecium,  which  acquires  for  this  purpose  a  bright,  usually 
red  colour.     Some  species  have  haplostemonoiis  or  obdiplostemonous 
andrcBcia ;  from  such  species,  as  is  apparent  from  the  transitional  forms, 
those  with  polyandrous  androecia  have  been  developed  by  the  division 
of  tlie  stamen-rudiments.     The  fruit  is  succulent  or  capsular,  rarely 
nut- like. 
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The  Myrtantae  ore  coofined  to  wanner  couotries.  Europe  poAsesees  the  single 
8{>ecies  JUyrtia  coiamiinU,  the  Mjrtle.  This  familj  is  eB|>ecia11y  characterUtic  of  tlie 
Flor&ofAUBtr&lia,  in  which  itTomiBthe  most  striking  feature  asref^rda  the  Dumber 
of  s[>fcieH  and  individunls,  including,  in  (larticulBr,  the  Eucaly|itiLt<  tree,  which 
often  att&ins  a  greater  size  tbnn  even  the  giant  Conifers  of  California.  Of  late  years 
Eucalyptus  trees  have  been  largely  planted  in  all  wann,  malarial  couDtnes.  On 
aceouat  of  their  wonderful  rapidity  of  growth,  they  absorb  large  quantitica  of 
water,  and  thus  both  drain  the  soil  and  purify  the  air.  In  tbe  Tropics  «1so,  as 
forest  trees,  the  Mijr1ac(at  occupy  an  important  i)osition.  Many  produce  delioioun 
fruit,  f.g.  Guava,  Friditint  Oiiava,  From  other  8[<eeie9  apices  are  obtained,  CIovvh 
are  the  flower-blida  of  Eugeaia  carijofikyUaln.  a  small  tree  indigenous  to  the 
Moluccas,  but  cultivated  in  most  tropical  countries  (Fig.  542) ;  tile  stalk  of  the 
clove  corresponds  to  the  receptacle  of  the  flower.  The  fruit  of  another  tree  of  the 
same  genus,  E.  FivietUa,  is  known  aa  allspice. 

Officinal.— Cautophvli.i  (Cloves),  from  Eitijcnia  eanjopkyllala. 

HysterophTta 
This   group,  which  is  merely  provisionally  eatabliehed,   includes 


chiefly  plants   that  are   PARASITIC,  and    which  are  on   that  account 
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regarded   &8   of   recent  origin.     Flowers  epigynons,  with  simple  or 
double  perigone. 

P'amily  Aristolochlaceae. — Flowers  actinomorphic  or  more  fre- 
quently ZYGOMORFHic ;  wltb  Simple  corollaceous  perigone  consisting  of 
three  coherent  members ;  audrceciura  usually  of  six  or  twelve  stamens, 
which  are  either  free  or  united  to  the  style  (gynostemium) ;  ovary  four- 
to  aix-locular ;  fruit  a  capsule.      Herbs  and  lianes  NOT  PARASITIC. 

ThU  family  comprises  chiefly  tropical  pl&Dtt  with  cordAte  or  renironn  leaves, 
reprcBeated  io  Europe  and  North  America  by  the  genera  Alarum  (Asorabacca, 
Wild  Oinger)  and  Ariitolochia  (Birthwort).  The  European  species  of  Alarum, 
A.  etiTopata  (Fig.  643),  is  a  small 
herb  with  brown  flowers,  having 
an  actinomorphic  perigone  and 
free  stamens.  An  example  of  the 
genua  Ariilotochia  is  afforded  by 
A.  ClrnuUilU,  a.  large  perennial 
whose  flowers  have  a  zygomorphic 
perigone  and  a  gynoetemiun. 
Ariitolodiia  sipho,  the  Pipe-Vine 
of  North  America,  is  a  frequently 
cultivated  climber. 

The  two  families,  BafflMiisntiM 
and  BftlaaophoraoMM,  are  leafless, 
often  Fungus-like,   root  parasites 
entirely   devoid'Jof   chlorophyll. 
The  first '  named^  lamily  has  soli- 
tary flowers,  often  of  an  enormous 
Fici.  M4.— riariim  nlbim.    I.  Part  uf  bIiuui  with  Fuind*    WO.       The    flovers    of    Sustain 
(lowtm  and  fruLi ;  K,  group  of  flowrra ;  a,  ■  ninir]   Amoldi  (Sumatra)  are  the  largest 
ao«^r:  4,  feDi>]«  flowfi  cut  ll.rough  longltudinilly ;    ^f  ^|  flowers,  attaining  a  diameter 
w™,Co       """""      '"'"-'''"*'-""'*    '*^'   of  1  metre.     The  flowers  of  the 
BalanophoToeeae,    on    the    other 
hand,  are  suall  and  aggregated  into  dense  heads  or  spikes.     Both  families  are 
almost  exclusively  coniined  to  the  Tropics. 

Family  SantalaoMM.— Flowers  ai'tinomorpuic  ;  with  a  small  greenish  simple, 
trimerouB  or  pentamerous  perigone  ;  andriecium  of  a  like  number  of  stamens  ; 
ovary  unilocular,  with  three  ovules  attached  to  a  free  tektral  placenta. 
Seeds  WITHOUT  seed-coats.     Terrestrial  parasites  with  leaves. 

Tlie  plants  included  in  this  family  are  chiefly  tropical,  represented  by  herbs 
aud  shrubs  with  inconspicuous  flowers.  Provided  with  leaves  and  growing  on  the 
ground,  they  absorb  a  large  part  of  their  food ;  their  roots,  however,  develop 
liaustoria,  which  [lenetrate  the  roota  of  other  plants,  e.g.  Tkaixtm  linophyllum,  the 
Bastard  Toad-flax. 

Offii.'IN'al. — Sanlalutit  album,  a  parasitic  tree  growing  in  East  India,  yields 
the  valuable  scented  Sandal-wood,  from  which  oil  of  sandal-wood,  Olei'm  Santali, 
is  obtained  by  distillation. 

Family  Loranthaceae. — Flowers  actinomorphic,  with  double, 
corollaceous  or  calycoid,  two- to  three-merous  perigone;  andrcecium 


...Coot^lc 


PHANEROGAMIA 


diploBtemonous ;  ovary  usually  WITHOUT  DISTINCTLY  DIFFERENTIATED 
OVULES  or  PLACENTA.     Leafy  shrubs  parasitic  on  trees  (Fig.  544). 

Tlie  plants  of  thu  funilj  are  mostly  tropical.  Lorantkua  efirr^aeua  occura 
upon  Oaks  in  Eastern  Europe.  Viaaim  album,  the  European  Mistliitoe,  is  a  small 
Bvergreen,  dichotornously  branching  shrub,  parasitic  u]»n  various  species  of  trees. 
It  absorbs  its  nourishment  by  means  of  hsustoria  couaistiiig  of  root-like  sti'ands 
concealed  between  the  cortex  and  wood  of  the  host-branch.  The  whit«  berries 
produced  by  the  female  plants  are  oaten  by  birds,  which  in  freeing  their  bills  of  the 
sticky  endocarp,  by  iriping  them  on  the  bark  of  trees,  are  at  the  same  time  instru- 
mental in  distributing  the  seeds. 

Poisonous. — The  berries  of  yiaeuia  altmm  when  eaten  by  children  have  been 
known  to  produce  symptoms  of  poisoning. 


B.  Sympetalae 
Perianth  consisting  of  a  calyx  and  an  almost  always  sympetalous 

COROLLA, 

The  flowers  are  always  cyclic,  and  in  the  majority  of  cases  con- 
structed, actually  or  theoretically,  according  to  the  formula  K5, 
C(5),  A.'j,  G{2).  The  stamens  are  generally  inserted  on  the 
COROLLA.  The  fact  that  the  gyncecium  consists  typically  of  only  two 
carpels,  must  be  regarded  as  the  result  of  reduction,  as  flowers  with 
five  carpels  sometimes  occur.  To  the  Sympetalae  belong  the  following 
orders  :  Erkinae,  I}ioffpyrinae,  Primvlinae,  Contortae,  Tvhifimae,  Person- 
atae,  LaMatifl<n-ae,  Eubiiiiae,  CamjHimdinaf,  Aggregatae. 


Order  1.  Erldnae 

Flowers  usually  hypogynous,  actinomorphic ;  formula,  Kn,  Cn, 
A2n,  G(n),  in  which  a  is  usually  5  ;  corolla  sometimes  choripetalous ; 
androeciura  obdiplostemonous,  not  adnate  to  the  corolla  ;  pollen 
usually  in  tetrads;  ovary  SlULTllXK'ULAR.  Leaves  needle-shaped  or 
lanceolate. 

Of  all  the  Sympetalae  the  Erictnae  approach  most  closely  the 
ChoripeitiUtf,  not  unfrequently  having  free  petals,  while  the  stamens  are 
inserted  directly  on  the  receptacle.  They  form  a  very  natural  group, 
whose  close  affinitj'  is  exhibited,  not  only  in  the  structure  of  the 
flowers,  but  also  in  the  vegetative  organs.  The  axes  are  nearly 
always  woody,  usually  comparatively  short,  and  branching  profusely 
close  to  the  ground.  The  leaves  are  generally  small  and  entire,  in 
most  cases  leathery  and  evei^een.  The  flowers  are  always  adapted 
to  insectpollination ;  they  are  often  quite  small,  but  in  that  case  are 
aggregated  in  conspicuous  racemes,  usually  of  a  white  or  i 
colour.     The  seeds  are  small. 
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16.— Floral    dlngmiii 


Family  Ericaceae. — Flowers  hypogyiious  or  epigysoua ;    corolla 
usually  SYMPKTALUUs ;    stamens  free ;  anthers  opening  by  pores  or 

short  slits ;  ovary  WITH  (.■OMPLETKLY  separated  Loccli  ;  placentse 
not  greatly  thickened.  Seeds  with  SEGMENTED 
embryo  (Figs.  545-547). 

The  authers  of  many  plants  of  this  family 
liave  horn-like  appendages  (Fig.  547) ;  the 
whole  order  is  therefore  sometimes  inappro- 
priately named  BiciniKJi.  At  their  upper 
extremities  the  thecffi  are  usually  free  and 
divergent.  The  pollen-grains  adhere  in  tetrads. 
The  fruit  is  a  capsule,  berry,  or  drupe,  con- 
taining very  small  seeds  with  abundant  endo- 
sperm.    As  regards  the  vegetative  parts,  the 

Ericacftu  are  typical  of  the  order. 

Sub-Familik.'*.— (1)  Rhododciuiroidcac. 
ikQtherH  u'itlioiit  agijiendagos  ;  sfpticidal  c. 
etc.  (2)  Arbutoidaie,  Flou-cra  liypo. 
gynous  ;  corolU  fugacioua  ;  antiiers 
mostly  aiipcnilicHlate  ;  loeiicidul  cajwulea 
or  succulent  fruits.  Andromeda,  Arelo- 
ttapkyloa,  etc.  {3)  Ericoideae.  Flowers 
hyiwgynmis  ;  corolla  neraisteiit.;  autiiers 
mostly  «pp«ndiculate  ;  fniit  a  capsule. 
Cnllu-aa,  calys  longer  than  tlie  corolla  : 
capsules  septicidal.  Erica,  caly.v  aliortcr 
tlian  the  corolla  ;  capsules  locuoidal. 
{4j  Vaccinioidene.  Flowers  epigynous  ; 
fruit  a  berry.      ViKchiiuin,  etc. 

GEIMIKAPHIIMI,     DISTRIBITHIS.— Till' 

plants  included  in  this  family  are  found 
widely  distributed  over  the  whole  earth. 
Species  of  fi-(<»irf«fff  known  as  Heather, 
Calluna  vulgaris  (Fig.  546),  and  diHereut 
species  of  Erica,  cover  wide  stretches 
of  dry  ground  (lieaths)  in  Cetitral  and 
Western   Europe   with    a   tliick   bed   of 

The  various  fl]Hi:ies  of iViOT.  frequently 
cultivated  as  |)Ot-plants,  are  mostly  from 
Southern  Africa,  where  this  genus  is 
very  largely  represented  and  exhibits  a 
wonderful  richness  of  colour. 

P(i[sc)soi-8.— The  Biwcies  of  Ehodo- 
dendroa  and  A:alea  contain  toxic  priu- 
ciples  in  all  their  organs.  The  incautious 
silvestris)  has  often  had  fatal  consequent 
white  flowers  and  linear  leaves  covered  on 

Offuis fLi,.— A nii/glaphylos  Uva  iirsi, 


use  of  ie(iunt]iii/«a/re(HerbHEosniarini 
es.  It  is  a  small  shrub  nith  umbels  of 
the  under  side  with  rnsty  brown  baits, 
the  Hearberry  (Fig.  647),  a  small  ever- 
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Family  Pyrolaceae. — Aa  in  the  preceding  family,  except  that  the 
placentffi  are  VERY  FLESHY  and  the  embryo  NOT  SEOMENTKD.     Humue- 

plants  with  or  without  chlorophyll :  e.ff.  Pijrola  (Winter-green),  ever- 
green perennials  with  racemes  of  white  flowers ;  Moiwimpa  (Indian 
Pipe),  devoid  of  chlorophyll. 


Order  2.  Dlospyrinae 

FlowerB  actinoiuorphEc ;  Kn,  Cii,  A2n,  G[ii),  where  n  \a  usually  4  or  5  ; 
andrfecium  ausate  to  the  cuHuLr.A,  diplostpraonoiis,  or,  bj  suppression,  haplo- 
atenionous ;  ovary  ut'LTlLotrLAn,  with  only  one  or  few  ovules  in  each  IocuIub, 
Evergreen  woody  plants. 

Family  Sapotaceae.  —  Flowers  hypogynous.  Tropical  trees  with  latex  iu 
secretory  cells. 

Ocf'hiSAi..— GirrA-hEUCHA,  the  dried  latex  of  species  of  Palaquium  (Malay 
Archi|>elaga). 

Family  S^TftcacwM. — Flowers  perigynous  or  epigynous.  Without  latB.i. 
Chiefly  tropical. 

Offic'isal. — pENZOiNVM,  a  resin  procured  by  making  deep  inc' 
liark  of  Styrax  BtnvA'a. 


Order  S.  Primulinae 

Flowers  HYPOtJYsoCs,  actinomorphic,  K5,  C5,  A5,  G(5);  andru;- 
cium  adnate  to  the  corolla,  epipktalous;  ovary  UNILOCULAR,  with 

FREE  (CENTRAL  PLACEKTATION. 

The  Primulinae  exhibit  the  greatest  diversity  in  their  vegetative 
structure.  Constant  characters  appear  only  in  the  flowers,  which, 
however  differently  shaped  and  grouped,  always  have  an  epipetalous 
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re  plsiit ;  B,  friiLl — Poixoxocn.    (After  REicsEXBAm.) 
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andrcecium  and  a  unilocular  ovary  with  a  central  placenta.  Of  all 
the  other  Sgmpetal(u,  the  Ulriailariaceae  alone  have  aimilar  placentte. 

Family  Primulaceae. — Calyx  herbaceous;  style  SIMPLE;  ovules 
NUMEROUS  ;  fruit  a  capsule  (Figs.  548-550). 

The  plants  of  this  family  are  for  the  most  part  small  herbs.  The 
flowers  are  sometimes  small  and  inconspicuous,  sometimes  large  and 
beautifully  coloured ;  they  are  either  solitary  or  grouped  in  inflores- 
cences. The  capsules  split  at  the  apex  into  valves,  or  the  whole  top 
falls  off  like  a  lid. 

Representative  OeitEBJt.— Primula  (Primrose,  Cowslip),  with  rosette  of 
radical  leaves,  and  flowers  in  umbels  ;  corolla  with  long  tube  ;  capanle  opening  bj 
valves.  Andraaace,  like  the  preced- 
ing, except  that  the  corolla  has  a 
shorter  tube.  Lystouuhia  (Loose- 
ittrife,  Moneywort),  stems  with  well- 
developed  intern  odes  and  leases. 
Aaagallis  (Pimpernel),  fruit  a  pyxi. 
dium,  dehiscing  transversely  by  a 
lid  (Fig.  649). 

Geoohafhioal  Di STB  1  Bf Tins.— 
Most  of  the  members  of  this  family 
are  indigenous  to  the  Temperate  and 
Arctic  Zones  of  the  Northern  Hetni- 
.iphere.  Various  species  of  Primula 
{P.  acatdii,  auricula,  «)KHm>,  etc.) 
and  Cydaiaen,  etc.,  are  cultivated 
as  ornatneDtal  plants. 

Poisosous.— The  tubers  of  Cycla- 
jnen  europaeum,  the  Alpine  Violet, 
which  occurs  wild  in  Bavaria  (Fig. 
650),  are  harmless  and  edible  when 
cooked.  Anagalli)  arrtntis  (Poor- 
man's  weBther-glas.s)  and  A.  cotruka 
are  slightly  toxic. 

The  Atyrsinai^ai  are  tropical 
woody  plants  closely  allied  to  the 
Primulaeeat.  Fruit  a  drape.  Ardisia 
crcnulala  is  a  well. known  ornamental 
plant  belonging  to  tliis  family. 

Family  Plumbaginaceae. — 

FInWBrs  with  iipv  ivn  xri-ii  ''"'■  "l---*™"^  ™(flnri..  1,  Floweriinf  plmt;  », 
ClOWers  Wltn  dry  and  Mt.M-  n  (lo«.er ;  s.  «il,>  with  th*  pM«tii,K  Myles ;  4, 
BRANACEOUH       (■.•VLYX,      divided         K>-i"wium    wiU.    ov.ty    cut   through    loiiKltu- 

style,  and  ONE  ovule.  Fruit  ');'""*"'  "'??"'"'L""'  ''"!;''  ■"'""'■  ^  """' 
a  capsule  (Fig.  551).  ''"'■■"""-  <'»"" '^<-"'"'' 

To  this  family  belong  chiefly  perennial  herbs  with  rosettes  of  grass- 
like or  lanceolate,  entire  leaves.  The  small  rose-coloured  or  violet 
flowers  are  borne  at  the  extremity  of  a  long  naked  stem,  usually  in 
panicles  or  capitula  of  scorpioid  cymes.     The  calyx,  although  dry  and 
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raeinbranaceous,  is  brightly  coloured  except  in  the  genus  Plumba^; 
whose  flowers  have  an  herl>aceoas  calyx. 

Gkocraphh-al  DiBTHiDi-TCOS-.— Tlie  Pbimbaginatrnt  are  for  the  moat  [wrt 
uative  of  Die  sea-cooat ;  they  occur  also  iu  salt-3tc|)pes  and  deserts,  e.g.  Stalia 
[Sea- Lavender),  Armeria  (Thrift). 

Order  4.  Contortae 

Flowers  hypogynoua,  actinomorphic,  with  the  formula  Kn,  Cn, 
An,  G2,  in  which  n  =  4  or  5  ;  corolla  frequently  WITH  CONTORTED  JEsn- 
VATION  ;    androeciiim    adnate    to    the    corolla.       Leaves    opposite. 

EN'TIRK. 

The  Contortae  constitute  a  heterogeneous  order  of  plants,  which  may 
be  most  readily  distinguished   from   other   Sijmpfiaiae  with   actino- 


liFluniingbfBDch;  l,Blla«« 


morphic  flowers  by  their  opposite,  entire  leaves.  The  contorted 
testivation  of  the  corolla,  to  which  the  name  of  the  order  has  refer- 
ence, although  of  frequent  occurrence,  is  not  a  characteristic  common 
to  all  the  members  of  tlie  order,  nor  is  it  restricted  to  the  Contortae. 

Family  Oleaceae. — Corolla  with  imbricate  or  valvate  testiva- 
tion  ;  andrrecium  of  two  stamens ;  gynueciuin  SYNCAKPous  ;  ovary 
Bii>x:ULAR.  AVoody  plants  without  latex ;  leaves  exstipulate  (Figs, 
552-554). 

The  ]>laDts  coniprised  in  tliia  family  are  either  shniits  or  trees.     The  leaves  arv 
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otu»llr  Bimple  and  entire,  more  rarely  lobed 

or   compoDnd.      The   flowere    are    geoerally 

small  and  in  paniculate  infloreacencee  ;  tbej  } 

liaTs  a  small  calyx  and  sometimes  a  aynp«tal- 

008,  iometimea  a  choripetaloua  corolla  ;  in  a 

few  species   they   are   apetaloas.      The  tva 

atamena  constitute  the  most  easily  recognised 

ciiaraoteristic  of  the  family.     Each  loculns  of 

the  ovary  contains  two  ovules.     The  fruit  is 

I,  capsule,  a  dry  indehiscent  fruit,  a  berry  or 

a  drupe.     Many  specios  contain  mannite. 

Representative  Genera.  —  Fnarinua 
(Ash),  with  pinnate  leaves  ;  Liffustrum 
(Privet).  OUa  (Olive),  Sgrin^  (Lilac),  Jaa- 

Gbooraphical  Distribution.— The  £• 

family  Oleaceat  is  chiefly  reprosented  in  Aaia.  _(>»(■        juija. 

Several    species    are   familiar   as   ornamental  Floner.bndii  (nat  ■lie)  ihowl 

plants,    t.g.    the    different    species    of    Lilac  (n)  and  twlsUd  coiolla  ((): 

{Syringa     vulgaris,      (toot      South  ■  Eastern  verm  iwtioii  of  ovary,  —  0» 

Europe;  S.  thinenaia,  S.  penka),  JesBaminc  (After  Brno  .ndScBHim.) 
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:  plaot  of  the  family  is  the  Olive-tree,  OUa  euTopaea  (Fig.  554),  ollen 
cultivated  in  SoutWn  Europe.  -The  oil  is  extracted  from  the  pulp  of  the  ripe 
fruit,  and  also,  although  to  a  less  extent,  ham  the  seeds.  The  wood  (Olive'WOod) 
is  used  for  a,  variety  of  purposes. 

Officinal.— Olki'mOlivak  {vid',  supra) ;  Manna,  the  dried  aap  of  the  Manila- 
Ash,  Fraxiiiui  Omm  (Mediterraneao). 

Family  LoguilaMae.  —  Flowers  always  with  a  sjnpetAlous  corolla  and  an 
UAPLOSTEMDNouH  andr<ecium,  in  other  reiipects  essentially  the  same  as  those  of 
the  Oleaccat,     Tropical  woody  plants  without  latex,  rarely  herhs  with  stipules. 


Pio.  568.— .V(ri»iii  Olraniler  (rcludM).— Pofso.TOra 

PoisoKOT'S. — CuKAKE,  Used  by  the  South  American  Indians  for  poisoning  arrows 
and  also  as  a  Malayan  arrow  poison,  is  prepared  from  the  lark  of  aeveral  species  of 
Stn/dinos.     The  seeds  of  Stnjchnos  nux  vomica-  {vidf  infra)  are  extremely  poisonous. 

OfpicIHal. — Stnjehnoa  ntix  isrmica,  an  East  Indian  tree  whose  fruit  resemhles 
an  orange,  but  has  a  hard  rind  and  usually  only  one  seed,  yields  Semes  SraYCHNi 
or  Nux  VOMICA. 

Family  Gentianaeeae. — Corolla  with  contorted  jstivation  ; 
andrcecium  haplostemonouB ;  gynoectum  SYNOARPOUS  ;  ovary  usually 
UNILOCULAR,  with  parietal  placenta.  Herbs  without  latex,  wholly 
restricted  to  the  Temperate  Zone  (Figs.  555,  556). 
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The  plants  included  in  this  family  are  Urge  or  small,  glabrous 
herbs.  Their  leaves,  which  are  almost  always  opposite  and  entire,  are 
destitute  of  stipules.  The  flowers  are  often  lat^  and  highly  coloured, 
terminal  and  solitary,  or  more  frequently  they  are  arranged  in  di- 
chasial  inflorescences.  The  fruit  is  a  two-valved,  many-seeded  capsule. 
Many  species  of  Gentianactae  are  rich  in  bitter  principles, 

Represehtativk  Gv.'S'e.K>..—Gentiana  (GeDtian),  ivicb.  straight  nnthera  ;  Ery- 
(ftraea  (Centaury),  with  »nthews|Hrally  twisted;  CA^o™  (Yellow-wort);  Menyrmthet 
(Buckbean),  with  scattered,  temate  leareii. 

Officinal. — QetUiana  iulea  (Fig.  665),  and  O.  pannontea,  punctata,  purpurea, 
yield  R^Dtx  Oentianak  ;  Erytkrata  GetUatiriuin  (Fig.  566),  Herba  Centaurii  ; 
MenyajUhts  trifolUiia,  Folia  TRiFOi.ir  fibrini. 


Family  Apooynaceae. — Corolla  with  contortkd  estivation; 
andrcecium   haplostemonous ;  pollen  granular  or  in  tetrads ;  carpels 

usually  FREE  BELOW  ;  RING-SHAPED  STIGMA.       Plants  with  LATEX  (FigS, 

557,  558). 

In  thie  family  are  represented  perennial  herbs,  shrubs,  lianos,  and  trees ;  all 
usually  evergreen,  with  opposite;,  entire  leaves.  Tlie  rotate  or  runnel-shaped 
flowers,  which  are  often  Urge  and  conspicuous,  are  aggregated  in  cymose  inflores- 
cences ;  the  fmit  is  usually  a  capsule,  both  oF  whose  free  carpels  (follicles)  dehisce 
along  the  ventral  suture,  setting  free  numerous  and  often  hairy  spcds  to  be 
disseminated  by  the  wind. 

Obijokaphtcal  Disthcbutios. — The  Apocyitaceac  are  chiefly  indigenous  to  the 
Tropics,  where  numerous  s|>ecieH  are  found.  Familiar  examples  of  this  family  are 
aftorded  by  the  Oleander,  Xeriuat  Ohander,  and  Periwinkle,  Vinca  minor  (Fig. 
567). 

Poisonous.— j\'(n' Hilt  Oleandrr  (Fig.  553),  an  evergreen  shriib  of  Southern 
Eorope,  with  lanceolate  leaves  and  large  rose-coloured,  more  rarely  white  or  light 
yellow,  fragrant  flowers.     All  parts  of  the  Oleander  are  [misonous. 

OFFlciSAL.^VariouB  sjiecies  of  Stmphantkus  {f.y.  S.  kis/ndui),  tropical  lianes 
of  Western  Africa,  yield  Semks  Strophanthi.  From  Jupiduapernia  Quebracho,  a 
tree  native  of  the  Argentine  Republic,  U  derived  Coktrx  Q<'f.bra<'ho. 
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Family  Aselepladaceae. — Corolla  witli  contorted  estivation  ; 
aDdnscium  haploatemonouB ;  pollen  -  grains  of  each  loculits  of  the 
anthers  adhering  together,  in  the  form  of  a 
POLLINIUM ;  carpels  with  FREE  0VARIK9, 
united  above  into  a  FRISHATICSTIOHA.  Planta 
with  LATEX  (FigB.  559,  560). 

In  their  vegeUtive  portions  sod  fhiit  the  A$el*pia- 
daccae  are  like  the  Apoeynaaae,  but  differ  from 
them.  SB  from  all  other  Dicotyledons  in  the  struc- 
ture of  their  andrrecia.  Tlie  stamena  ore  united,  at  . 
least  at  the  base  ;  each  of  tbem  bears  a  large  dorsal 
appendage  (Fig.  558,  A).  These  Btamiasl  append- 
ages togetber  form  a  corona.  Especiallj  charac- 
teristic, also,  are  the  club-shaped  pollen -nutsaea  or 
pollinia,  resembling  Chose  of  the  Orchidaeeae  {e/. 
p.  488).  For  the  purpose  of  pollination  by  insects, 
tlie  pollinia  are  attached  In  pairs  (one  potlinium 
(ram  each  pair  of  contiguous  anther*)  to  a  coBPUs. 
CULI'U  or  glandular  outgrowth  of  the  atigma  (Fig. 
659.  B.  C). 

Geouilai'HICal   DisTBiBi-Tios.  —  Tile   AteUpia- 
daceae  are  cliiefly  native  of  the  Tropics,  where  they 
are  found  as  lianes  or   epiphytes.     In   the   barren 
desert-rcgioiia    of  Southern   Africa  they  are   repre- 
,„„„...  _  .    .     sented  by  leafless.  Cactus-like  succulents  (Slapelia), 

(i  nat.  n\zf).~PoiaoiroBs.  PoisOKUVS.— The  lates  of  moat  of  the  Aulepia- 

daa^ae,  and  also  all  parts  of  the  species  ViHtelcacieam 

officinale  (Fig.  580),  possess  tosic  principles.     The  latter  is  a  smalt,  inconspicuous, 

white -flowered  plant,  with  capsules  and  long-liaired  seeds. 

OppifiNAL. — The  bark  of  Gimololnii  Cundurdngo  and  other  lianes  of  Pont  and 

Ecuador  yield  Cihitkk  CoNnfBAM'u- 

Order  6.  Tubiflorae 

Flowers  hypogynous,  actinomorphic,  sometimes  slightly  zygo- 
morphic,  generally  with  the  formula  K5,  C5,  A5,  G(2) ;  stamens  COM- 
PLETE IN  NUMBER,  inserted  on  the  corolla ;  ovary  bilocular  (rarely 
trilocular),  with  two  ovules  in  each  loculus;  loculi  frequently  cham- 
bered by  FAt£G  DISSEPIMENTS.     Leaves  alternate. 

In  spite  of  the  great  difference  in  appearance,  the  structure  of  the 
flowers  proves  the  existence  of  a  close  affinity  between  the  different 
members  of  the  order.  The  families  included  in  the  Tttbiflorat 
form  the  begioning  of  a  series,  which  is  further  continued  by  the 
families  of  the  two  next  succeeding  orders,  the  PersmatM  and  Labiati- 
fiorae.  That  the  families  of  the  Tubifimae,  in  particular  the  Con- 
i<olimlaceae,  are  the  older,  or  have  deviated  less  from  the  ancestral  form, 
is  rendered  probable  from  a  comparison  of  their  actinomorphic  flowers 
and  pentamerous  andruecia  with  the  zygomorphic  flowers  and  reduced 
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andrcecia  of  the  Personaiae  and  Labialiflmae.     The  varying  number  of 
carpels,  their  not  infrequent  separation,   and   the  variability  in   the 
number,  position,  and  structure  of  other  parts  of  the  flowers,  while 
establishing  the  connection  of  the  TvUfim-ae  with  other  orders,  conflnn 
the      suppoBJtion     of     their 
greater  age.     In  the  Perscm- 
atae  and  LaUatiflorae,  on  the 
other  hand,  the  flowers  appear 
to  be  constructed  in  accord- 
ance with  a  fixed  type. 

Family   Convolvulaceae. 

—  Corolla  FOLDED  LONGI- 
TUDINALLY in  the  bud, 
TWISTED,  usually  to  the  right ; 
ovary  bilocular,  with  two 
erect  ovules  in  each  loculua  ; 
loculi  often  two-chambered; 
embryo  curved.  Mostly 
CLIMBING  herbs  and  shrubs, 
usually  with  latex  (Fig. 
561). 

The  majority  of  the  plants 
in  the  family  are  sinistrorse 
herbaceous  climbers,  with 
heart-shaped  leaves  and  con- 

aptCllOUia  flowers,  usually  with    Km,  SUI.— (.v.nivlrnli'i  iirrrnois.    1,  Part  of  1  sti'iii  nith 

afunnel-8haped,BlighllvloI)ed  flawe";  a  ■  Howercut  through  lungnuamsiiy ;  3, 
corolla.    1  he  fruit  IS  a  capsule 

or  berry.  In  addition  to  the  normally  assimilating  leafy  species,  the 
family  of  the  Convolimlaceae  includes  (species  of  the  genus  Cuscula) 
a  number  of  thread-like  parasitic  plants  almost  devoid  of  chlorophyll. 
The  species  of  this  genus  twine  about  other  plants  and  obtain  nourish- 
ment by  sending  out  bauatoria  into  their  sterna  {cf.  p.  208,  Fig.  185). 

REPBKflF.NTATivF.  OEtiF.a\,^CiinJioljmlus,  with  two-cleft  style  {e.g.  C.  amemii, 
Bindweed,  Fig.  561) ;  CatysUgia  (Bntcted  Bindweed],  like  the  preceding,  but  with 
two  large  bractcotea  ;  Ipomuea,  style  four-cleft  (e. 9. 1,  pwrpwea,  thecommouHontiiig 
Glory) ;  CvacuUi  (Dodder). 

Qeookaphical  DiSTitlBrTCOS.  — The  Voi>r<dBii.laavtc  are  most  extenaively 
represented  in  tropical  Anieriea.  Several  speeieN  of  this  family  axe  well-known 
ornamental  plants.  Ipoinoca  Batatas  is  largely  cultivBted  for  the  tuberous  roots 
{Sweet  Potatoes). 

Officinal.  — /jionttva    Purga,   a    Mexican    climbing    plant,   yielding   Jalap, 

TCBBKA  JaLAFAB. 

Tlie  Poltm/miaeeac  differ  from  the  Cimvolvillnceac  in  having  three  carpels  and 
no  latex.     Various  species   of  Poleiiumiam,    Cobaea  and   Phlox  are  ornamental 

Family  Boraginaceae. — Corolla  with  imbricate  sestivation  :  ovary 
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dimerous,  but  deeply  four-lobed  or  chaubbred,  with  one  suspended 
ovule  in  each  chamber.  Style  inserted  in  the  depression  between  the 
four  projecting  lobes  of  the  carpels.  The  fruit  is  a  four-partite  sceizo- 
CARP,  consisting  of  four  nutlets.  Seeds  usually  without  endosperm. 
Inflorescences  scorpioid  (Figs.  663,  663). 

The  Boraginaceae  are  for  the  most  part  herbaceous  plants,  and  cou- 
stitute  one  of  the  moat  natural  and  easily 
recognisable  families.  The  succulent  stems, 
covered  with  harsh  hairs,  the  entire  leaves, 
the  scorpioid  inflorescences  with  spirally 
coiled  branches,  the  usually  blue  flowery 
and  the  distinctive  structure  of  the  fruit, 


Flower :  b  ma  c,  (tqit  <ii*t.  >iu).  Wossidlo.) 

all  serve  to  give  the  plants  comprised  in  this  family  a  highly  chaiac- 
teristic  appearance. 

Bgphesbktative  Genera. — (a)  Tlirottt  of  tlie  corolla  witb  scalee  :  Sora^ 
(Borage),  stamens  with  horn-like  appendages  (Fig.  562) ;  Symphytum  (Comfrey) : 
Myoiotis  (Forget-me-not).  (6)  Throat  of  corolla  without  scales :  Putmonan' 
(Lungwort);  Eckium  (Viper's  Bugloas),  with  lygomorphic  aowers  (Fig.  563)  i 
LithospeTinitm  (Gromwelt),  nutlets  stony,  owing  to  the  presence  of  calduu 
carbonate.  Anoraaloua :  Hcliolmpiitm  (Heliotrope),  with  undivided  ovary  pro- 
longed into  an  apical  style. 

Geoobaphical  Dlstbibution.— Tlie  members  of  this  family  abound  in  thf 
North  TGmi>erate  Zone,  particularly  in  the  Mediterranean  coantries. 

To  the  Tubifiorae  belong  also  the  two  families  Hydrophyllaeeiu  (chiefly  in- 
digenous to  America)  and  Cordiaceae  (tropical  woody  plants,  witb  drupaceous  fruit). 
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Theaa  tno  ramiliea,  oeither  of  which  ia  represeated  in  Europe,  staad  in  close  rebtion 
to  the  Convolvulaetat  as  well  as  to  the  Boraginaeeae,  bridgiog  over  the  gap  between 
them.     Tlie  HydTophyllaeeae  also  exhibit  t.  near  BlEuit;  to  the  foUowing  order. 


Order  6.  Persooatae 

Flowers  hypogynous,  mostly  zygomorphic  ;  typically  with  the 
formula  K5,  C5,  A5,  G(^,  but  usually  with  a  reduced  andr(ECIUM. 
Stamens  inserted  on  the  corolla ;  ovary  dimerous,  bilocular,  rarely 
with  false  dissepiments,  usually  with  numerous  ovules.  Leaves 
alt«mate  or  opposite. 

Included  in  this  order  are  herbs  and  woody  plants,  generally 
with  conspicuous  flowers.  The  corolla  is  commonly  bilabiate.  In 
most  instances  the 
andrcecium  is 
reduced  to  four 
stamens,  disposed 
in  two  pairs  of 
unequal  length ; 
more  rarely  only 
two  stamens  are 
present.  The  fruit 
is  most  frequently 
a  capsule  with 
albuminous,  or 
sometimes  exalbu- 
minous  seeds. 

The  SolaKacCac 
are,  phylogenetitally, 
probably   the   oltlvKt 


Tamily  of  the  order,  and  in  their  generally  actmomorphic  flowers  and  pentamerous 
andrcEcia  they  exhibit  a  close  atGnity  to  the  Tubifli/raf,  particularly  to  the  Hydro- 
pkijllaeeae,  in  which  the  gyncecia  have  a  similar  oblique  position.  The  SolaruKcat 
are  also  allied  to  the  Borayiiiacfae,  with  which  they  are  connected  by  the  small 
family  NoUinaetae.  (Plaited  corolla,  seeds  and  nneqiially  paired  leaves,  as  in  the 
Solanattae ;  fruit  a  schizocarp,  as  in  the  IKn-ai/iiiiiceae.)     Between  the  Solanaeeat 
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and  Serophulariaetat,  on  the  other  hand,  there  ue  no  unifomily  constant  distilictiona, 
the  Seropkulariaceae  representing  ratber  a  continuation  of  the  Solanaetat.  The 
other  families  embraced  by  the  Peraonatae,  nith  the  exception  of  the  Aeemihaceat, 
Glotulanaceae,  and  PlantagiiUKe/u,  are  all  closely  allied  to  the  Scropkulariaaae. 

Family  Sk>laiiac«ae. — Corolla  plaited  in  the  bud,  usual);  actino- 
MORPHIC ;   androecium  pbntamerous  ;  carpels  obliquely  placed  with 


Fio.  566,-A-icolioM  Tabaoim  (J  ust.  liie).—  Flo.  bei.—Atnpa  BtOodmna  (f  nat.  «lie>,— 

fo/ao.vo  13  and  Omcisti..  Poiaoxoea  Bui  O^ricm-ii. 

reference  to  the  median  plane  of  the  flower;  seeds  with  endosperm 
(FigB.  564,  569). 

The  majority  of  the  Sohnaeeae  are  herbs  (in  the  Tropics  also 
repreBent«d  by  shrubs  and  small  trees),  with  numerous,  often 
glandular  hairs,  and  not  unfrequently  with  prickles.  In  the  region  of 
the  inflorescence  the  leaves  are  often  borne  in  pairs,  consisting  of  one 
large  and  one  smaller  leaf.  This  peculiar  disposition  of  the  leaves  is 
duo  to  the  displacement  of  the  bracteoles  and  subtending  bracts,  which 
adhering  to  their  growing  axillary  shoots  are  carried  up  a  distance  on 
them  (Fig.    56T).     The   flowers  are   either   solitary  or  grouped  in 
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inflorescences  (Fig.  R66) ;  they  are  variously  shaped  and  usually  have 
a  five-Iobed  corolla,  often  of  a  pale  violet  colour.  The  oblique 
position  of  the  carpels  (Fig.  564)  is  a  distinctive  characteristic  of 
the  flowers  of  this  family.  The  fruit  is  a  berry  or  capsule.  The 
seeds  are  crenerallv  reni- 


{Fig.  668).  and  jV.  natiea ;  the  Tomato,  f,„,.M.-Hy,«^m«, -istritral.  >iie).- 
Ly<^eT3ieum  esenUnluin,  etc.      The  Potato  I'oiaaxors  aad  UFtKimiL. 

plant  grows  wild  iu  the  Andes  mountains 

in  Chili  ;  it  was  first  introduced  into  Sjuia  and  thence  into  Europe  in  the  latter 
half  of  the  sixteenth  contury.  The  first  introduction  of  Tobacco  into  Europe 
occurred  about  the  sam<!  time.  It  ia  atated  that  Nicoliana  Tabitcuin  is  still  found 
growing  wild  in  Peru  and  Ecuador. 

PoiHOSOUE.— Almost  all  of  the  plants  of  this  family  are  wholly  or  in  part 
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poisonons,  in  most  cases  an  nccouDt  of  tbe  klkkloids  thej  coutUD.  All  parts  of 
Solanum  lubcrosum  contain  solonine  ;  on  that  account  it  is  dangerous  to  eat 
potatoes  that  have  turned  green  or  such  as  have  developed  shoots.  Solaiiiim 
Dukamara  (Bitter-sweet)  contains  sol&nine  in  al!  its  parts,  with  the  exception 
of  the  harmless  berries.  Sola- 
nine  occurs,  on  tbe  other 
hand,  in  tbe  black  bernes 
of  Solanum  nigrum  (Common 
Nightshade),  a  weed  Ire- 
quently  growing  in  fields. 
The  unripe  fruita  of  the  To- 
mato have  been  known,  when 
eaten,  to  produce  symptoms 
of  poisoning.  Atropa  Btlla- 
.  donna,  the  Deadly  Nightshade 
(Fig.  587),  is  the  most  noxious 
plant  of  this  group.  It  is  an 
herbaceous  plant  with  reddish  brown  canpauulate  flowers  and  very  poisonous 
black  berries  enveloped  by  the  persistent  calyx.  Datura  Stranumium,  the  Thom- 
ApplejFig.  BflS),  is  alsoa  narcotic,  poiBonouB,  herbaceous  plant,  of  common  occur- 
rence on  waste  ground.  It  branches  dichotomonsly  and  bears  white,  fuunel-shaped 
flowers  producing  large  prickly  capsules.  Kyoieyamtu  niger,  Black  Henbane  (Fig. 
569),  grows  in  situations  similar  to  those  in  which  the  Thom-Apple  is  found  ;  it 
also  possesses  dangerous  narcotic  properties.  The  flowers,  which  are  disposed  in 
one-sided  inlloreHcenoes,  have  a  funnel-shaped,  five-lobed,  yellow  corolla  marked 
with  violet  veins  ;  the  fruit  is  a  pyxidium.  ^icoliana  Tabamm  (Fig.  566)  con- 
tains toxic  principles  in  all  its  parts. 

Ofpil-isal. — Alropa  Belladonna  yields  Foil  A  f.t  Radix  BELLADOHNAEjZJa^uro 
stramonium.  Folia  Strauo.vh  ;  Syoseyamia  niger,  Heuba  Hyoscvami  ;  Capticum 
annuuiit,  Fructus  C.tpsici ;  ^'icotiaiuc  Taicuum,  Fdlia  Tabaci  ;  Solanum  Dnl- 
camara,  CArtES  Di.'lcahakae. 

Family  Scrophularlaceae. — Corolla  most  frequently  ztgomorphk', 
NEVKR  PLAITED  in  tlie  bud  ;  andrcecium  usually  REDUCED  to  FOUR  OR 
TWO  STAMENS  ;  carpels  median  {Figs.  670-573). 

OE  the  plants  comprising  the  Scrophulariaeeae,  the  majority  are 
herbs  with  simple,  toothed,  rarely  lobed  leaves,  which  may  be  opposite 
or  alternate  but  never  unequally  paired,  as  in  the  Solanaceae.  Many 
species,  although  provided  with  leaves,  are  root-paras i tea.  The  flowers, 
whether  solitary  and  axillary  or  in  racemes,  always  have  a  lateral 
origin.  In  some  genera  the  flowers  are  nearly  actinomorphic,  with 
penCameroiis  andrcecium  (Fig.  570,  A) ;  but  in  most  of  the  forms  they 
are  distinctly  zygomorphic,  while  the  andrmcia  are  also  reduced. 
In  cases  where  one  stamen  is  rudimental  (Scrophularia)  or  suppressed, 
it  is  usually  the  posterior  one.  Sometimes,  in  consequence  of  more 
extended  suppression,  only  two  stamens  remain  (f.g.  Veromca,  Fig.  570, 
B).     The  fruit  is  a  capsule,  or  less  frequently  a  berry. 


SvB-FAMtl.IKS   .INII    RePRESENT.VTI 

.lith  descending  spstivation  {i.e.  the  t\ 


E  Gesei 


A. — (1)  Aniirrhinoideat.     Corolla 
'  petals  overlap  the  lateral,  which 
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a  enclose  the  anterior  stamen) ;  autotrophic  plants.     Verbalcum  (Mullein), 
with  five  fertile  stamens  (Fig.  572) ;  Scrophalaria  (Figwort)  ;  Anlirrkinum  (Snap- 


0  closed  lips,  capaale  opening  b7  pores ; 


dragon), 'corolla  vritli  short  spur  and 

Linaria  (Toad -Flax),  corolla 

uith  fong  spur,  otherwise  as 

in     the     preceding     genus ; 

Digitalis  (Foiglove),  corolla 

oblii^uety  campanulate,  cap- 
sule opening  by  valvea  (Fig. 

571);  Oro/ioia  (Hedge-Hys- 
sop) ;   Veronica   (Speedwell). 

(2)  Shinanlkoideac.     Corolla 

with    ascending    sstivatioii 

(i.t.  the  two  posterior  petals 

overlapped   by  the  lateral) ; 

teaty    plants,     more    rarely 

parasites    devoid   of   chloro- 

pbyll,   and   with    haustoria. 

Rhinanlhua  (Yellow- Rattle)  ; 

Mtlampyrum   (Cow-Wheat) ; 

£upAr(ina(Eyebright);P<(ii- 

ealarit  (Lousewort). 

GbogkaphicalDistribi;- 

TIOK. — The  Scrophulariaetae 

are  of  TrequeDt  occurrence  in 

the  temperate  zones  of  both 

hemispheres,  growing  in  the 

most  varied  situations.  Many 

are  ornamental   plants,   e.y. 

Antirrhinum  iim^'im,  various 

species  of  Feranica,  Faaloumia  imperialU  (arborescent). 

Poisonous.— Z)ijfi'((iitsjnHywren(Figfl.  671, 573),  an  uubranched,  thickly- leaved, 

hairy  biennial  bearing  terminal,  one-sided  raueraes  of  reddish  campanulate  flowers  ; 

all  parts  exceedingly  poisonous.  Gratiola  ogUtnalit,  a  perennial,  glabrous  herb, 
growing  in  damp  situations  to  a  height  of 
30  cm,,  with  narrow,  toothed  leaves  and 
axillary  tubular  flowers,  of  a  whitish 
colour. 

OrtKlS\l..—Diijitalia  purpurea,  the 
Purple  Foxglove  (Fig.  573),  yields  Foma 
Dui[TAl,ls  ;  Verbaicum  thapai/imiie  (Fig. 
672)  and  V.  phlomoidet,  Flobes  Verdahci. 

Family     Utrlculariaceae. — 

~     ,.,    „  ,  ,,     ,,  „  Flowers  distinguishable  from   those 

fc,eaij-i:«inirt/ie(i«t..i!!f).-ri*-*',''MMi.      of   tlie   preceding   family  by   their 

UNILOCULAR     ovaries    with     free 

CENTRAL  PLACENT.-E  and  EXALBUMisous  seeds.     Carnivorous,  aquatic 

and  marsh  plants. 


The  flowerj  have  only  t' 


e  distinctly  zygomorphic  and  long- 


Hputred,  like  those  a(  Linaria.  The  fruit  is  a  many-seeded  CBpsule.  The  plants 
jucluded  in  this  family  are,  Tor  the  most  part,  tropical.  The  more  familUr 
nortbem  representatives  belong  t«  the  genera  Fingvieala,  the  Butterwort,  and 
UtTicKlaria,  the  Bladderwort  (see  p.  215  and  Fig.  34). 


Family  Qesneilaeeae. — Flowera  differing  from  those  of  the  Serupk- 
iilariaaae  chiefly  in  having  UNILOCULAR  OVARIES  with  I'ARIBTAL 
PLA.CENT*.     Flowers  sometimes  epigynous. 

The  Gesnenacecte  are  for  the  moat  part  tropical  plants,  some  of  which 
(Gloxinia)  are  well-known  hot-house  plants.  To  this  family  beloog  the 
Broom-rape  and  Toothwort,  parasitic  plants  without  chlorophyll, 
belonging  respectively  to  the  genera  Orohaiiflie  and  Lalkraea. 

Family  Planta^naceae. — Flowers  aCtinomorphic,  in  perianth  and 
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andrcecinm  apparently  tetramkrous  ;  K4,  C4,  A4,  G(^) ;  corolla 
membranaceous;  ovary  one-  to  four-locular.     Herbs  (Fig.  574). 

Tlie  apparently  tetrunrrous  character  of  the  flowers  is  due  to  tbe  sup]tres8ion 
■>r  tlie  posterior  sepal  snd  atameD,  and  the  coalescence  of  the  two  posterior  lobes  of 
the  corolla.  Moat  of  tlie  sjiecies  of  this  family  have  a  radical  rosette  of  entire 
leavea,  from  thecentre  of  which  rlsea  a  tall  sea))*  bearing  a  terminal  spike  of  small 
flowers.  Tbe  flowers  are  frequently  distinctly  protogynotis  ;  they  are  usually 
aneiHOpbilous  (e.g.  Plaatago  lanaolata),  rarely  iuaeot. pollinated  {e.g.  Plantago 
tiitdui).  The  fruit  is  commonly  a  many-seeded  pyxidium.  The  plauts  comprised 
in  the  few  genera  of  this  family  are  scattered  over  the  whole  world,  without  being 
in  any  one  region  particularly  prominent.  Various  species  of  Ptantago  (Plantain) 
are  common  field  and  wayside  weeds. 

Tbe  order  Perionalae  includes  also  the  following  families :  Bignoniaceae. 
Trees  and  tendril-climbing  lianes  of  warm  climates,  usually  with  com[iound  leaves, 
and  winged  seeds  without  eudospcrm  ;  fruit  a  woody  oa]BUle.  Aeanlhaceae. 
Tropical  herbs  and  shrubs.  Seeds  few,  witliout  endosperm  and  attaclied  to  the 
projecting  jJacenta  by  strong  fnniculi,  which  frequently  have  cbaraoteristio 
ap]>endagcs.     Gtobuiariactar.  .  Flowers  in  small  beads  ;  ovary  unilocular  with  one 

Order  7.  Lablatlflorae 

Flowers  hypogynous,  almost  always  zygomorphic,  theoretically  with 
the  formula  K5,  C5,  A5,  GW,  but  usually  with  reduukd  anoriecia  ; 
stameDS  inserted  on  the  corolla;  ovary  bilocular,  with  four  erect 
ovules,  each  loculus  subdivided  by  a  false  dissepiment.  Fruit 
commonly  a  schizocarp.     Leaves  generally  opposite. 

The  plants  constituting  this  order  are  herbs  or  shmbs,  rarely  trees  ; 
their  vegetative  organs  are  usually  hairy  and  often  aromatic.  The 
flowers  are  axillary,  in  most  instances  distinctly  zygomorphic  and 
aggregated  in  infloi-escences.  The  fruit  is  commonly  a  four-partite 
schizocarp,  more  rarely  a  drupe  or  capsule. 

The  order  Labialijlorae  does  not  represent  a  conlinuatioo  of  that  oftlie  Perionatat, 
but  rather  a  lateral  otTshoot  from  the  branch  of  the  Tubifiorae.  The  fruit  of  the 
Labiatae,  il  is  true,  corresponds  with  that  of  the  Baraginactae,  but  siniilar  fruits 
occurs  also  in  tbe  Tubifiorae  and  PersonaCae.  As  tliera  ate  no  other  points  of 
resemblance  between  tbe  Labiatae  and  Bora^naceae,  it  is  manifestly  unwarrant- 
able to  assume  the  esistence  of  a  near  relationship  between  these  two  families,  such 
as,  for  example,  exists  between  the  Sulaiuucae  and  ScropJi  itlariiKxae,  The  Labiali- 
fiorae  were  apparently  separated  from  the  Tubifiiyrac  at  an  early  stage  ;  their 
nearest  allies  are  probably  found  among  the  ConnohsuXaaae. 

Family  Vapbenaceae.^Ovary  one-  to  two-locular,  more  usually  sub- 
divided and  four-chambered  (not  lobbd),  the  style  therefore  terminal. 
Fruit  a  DRUPE,  less  frequently  a  capsule  or  schizocarp.  Vegetative 
organs  and  inflorescences  not  uniform. 

The  VtTbtnaceai  oonsiat  for  the  most  i«rt  of  tropical  plants,  represented  in  the 
Temperate  Zone  chiefly  by  the  genus  Vcrbtna  (Vervain).      Tcctoaa  grandia,  tb« 
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Teak-trsc  of  the  East  Indies,  yields  a  wood  highly  valued  for  8hi|ibuilding  and 
otlier  purpoacs.     Vtrbena  Aubldia  ia  a  common  garden  plant. 

Family  Labiatae. — Ovary  DEEPLY  FOL'R-LOBED,  bicarpellary,  four- 
chambered,  with  GYNOBASIU  Btyle  (attached  to  the  base  instead  of  to 
the  Bummit  of  the  ovary) ;  fruit  a  FOUR-PARTITE  SCHIZOCARP  with  four 


nutlets.  Herbs  and  small 
shrubs  with  quadrangular 

stems  and  opposite  leaves ; 
inflorescences  dichasiaj 
(Figa.  575-577). 

The  Labiatae  con- 
stitute one  of  the  most 
natural  families  of  the 
vegetable  kingdom.  The 
quadrangular  stems  and 
decussate  leaves  give  the 
plants  of  this  family 
a  distinctive  character-, 
which  is  enhanced  by 
their  odour  and  general 
hairiness.  The  aroma  so 
characteristic  of  many 
species  is  due  to  the 
presence  of  an  ethereal 
oil  secreted  hy  small 
glandular  hairs  scattered 
over  the   surface  of   the 

stems  and   leaves.      Not      fio.  M6.-.uri..«t  ojiirfn«!.j.-flmr/.v.u.  (AtwrBEB.; 
less  characteristic  of  this  *"     ''""' 

family  is  the  apparent  disposition  of  the  short- stalked  flowers  in 
whorls,  but  which  in  reality  represent  axillary  scorpioid  cymes,  some- 
times termed  verticillnsters.  The  separate  inflorescences  often  become 
aggregated  in  terminal  heads  and  spikes,  as  in  the  Thyme  and  Pepper- 
mint. -The  calyx  (Fig.  577)  is  gamosepalous  and  five-toothed.  The 
corolla  is  usually  bilabiate,  with  two  lobes  in  the  upper  lip  and  three 
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in  the  under ;  it  is  variously  coloured,  but  most  frequently  of  a  carmine 
or  violet  colour.  The  androecium  chiefly  resembles  that  of  the 
Scrophtdariaceae,  while  the  gyncecium  is  constructed  as  in  the  Boriir 
ginacme,  consisting  of  an  originally  bilocnlar  ovary  whose  carpels 
become  deeply  constricted  longi- 
tudinally and  thus  subdivided,  Jk  "^A  j 
each  into  two  chambers.  The  ^"nii  \  # 
NUTLETS  (Fig.  S77,  d,  e)  of  the 
fruit  always  have  a  hard  outer 
wall ;  they  are  sometimes  partially 
aborted. 

Reprkukstative  Gkneua." ^'ujra 
(Bugle],  with  short  upper  lip  ;  Teuarium 
(Gcrtuundor),  upper  lip  deeply  cleft ; 
Slaehya  (Betony,  Hedge  -  Nettle),  Gale- 
opsia  (Hemp  -  Kettle),  and  Laiiiium 
(Dead -Nettle),  with  belmet-ahaped  upper 
Up ;  2i'e}icla  (Cat-tlint)  and  Okehoiita 
(Ground-Ivy),  unlike  most  of  the  other 
genera,  nith  a  long  i)03terior  stamen  ; 
AftiUlia  <Mint),  witli  almost  actino- 
morphic  corolla  and   stanieoa  of  alxiut  ^ 

equal  length;    Thymus   (Thyme);   OH- 

gaamn  (Marjorain);  Larandula  (Laven-  tt 

der);  Salvia  (Sage)  and  Susmarimii  Fir..  i77.—llnlroj«h  achnlfiai.  n,  Flower;  h, 
(Rosemary),  ttith  two  stamens,  each  of  the  same  witli  calji  removed  ;  c,  curolk  cut 
which  has  only  a  fertile  half-anther.  "l*".  showing  aUinien«  aiid  slylo ;  <l,  calyi 

GKtMiHAi'Hi.:ALDisTniBUTios.— Like  J^j  B^T-'^rTVx'iT"'"*'^''"'''^'  '"'  * 
most  aromatic  plants,  the  Zdifafac  thrive 

beat  in  a  dry,  sunny  situation.  They  accordingly  constitute  on  important  part 
of  tbc  vegetation  of  the  Mediterranean  eountriea,  where  these  conditioiia  of 
growth  are  falRlled,  and  where,  for  example,  although  not  restricted  alone  to  those 
eoimlries,  the  officinal  Rosemary,  Sage,  Thyme,  and  Lavender  are  found  growing 
wild.  Many  aromatic  si>ecies  are  cultivated  as  kilchen'herba :  Sweet  Uaijorani, 
Origanum  Majomiia;  Summer  Savory,  Satureia  liorCcnsa;  Sweet  Basil,  Ociinutn 
Baiilicuin  ;  the  Garden  Thyme,  Thymus  vulgarii;  Sage,  Salvia  o^einalis. 

OmiriNAL. — iMmndala  vera  yields  Floiibs  LAVASDrLAE  ;  Salvia  officinalis, 
Poi.iA  Salvias  ;  Metisia  offidnatis,  the  Common  Balm  (Fig.  576),  Folia  Mkm.ssae  ; 
Thymus  Serpyllam,  Hekua  SEiti'YLM  ;  Thymus  vulgaris,  Herba-  Thymi  ;  Roi- 
laariitus  officiaalia.  Folia  et  Oleuu  Rusuakiki  ;  Mentha  piperita  (Peppermint), 
Folia  et  Oleux  Mesthae  piperitab  ;  MciUlia  crispa,  Folia  Menthak  cmaPAE ; 
GnUopsis  oehrolcuca,  Hehha  Galeopsiiiis  ;  Ori'jauum  valyare,  Herba  Okcoani. 

OMer  8.  Rublinae 

Flowers  epigynous,  actinomorphic  or  zygomorphic,  with  the 
formula  Kn,  Cn,  An,  (G-Ta),  in  which  n  =  4  or  5,  Calyx  ureatly 
REDUCED ;  andra'cium  inserted  on  the  corolla ;  ovahy  two-  to  thbeb- 
LOCULAR.     Leaves  generally  opposite. 
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The  Rubiinae  comprise  herbaceous,  shrubby,  and,  more  rarely, 
arborescent  plants,  varj-ing  greatly  in  general  appearance,  and,  with 
the  exception  of  opposite  leaves,  having  but  little  in  common  in  their 
vegetative  structure.  The  flowers  are  usually  small  and  aggregated  in 
profusely  branched  inflorescences,  which  often  assume  an  umbellate 
character.     The  corolla  is  sometimes  campanulate  or  cylindrical,  but. 


or  nnwcrlHK  shoot.  The  fiilae  wborlH 
conslating  ot  two  I«vc«  hiiiI  (tat  to 
■tiE  riLlpuIn;  2,  (lower  ent  Ihroiiifh 
lonititudinnlly ;  »,  longltudltial  km-   ['id.  bli.—Cofr.'  anihi.'t.    1.  FlnnerhiK  bisncli ;  Z,  (niH ; 

(Aftpr  WftsHiuLO,)  (Aft<:r  W"»aiDLO.> 

most  frequently,  rotate  or  funnel-shaped,  according  as  its  lower 
portion  forms  a  longer  or  shorter  tube.  The  fruit  assumes  various 
forms,  sometimes  dry,  sometimes  juicy. 

Family    Rubiaceae. — Flowers    ACilNOMORPHlC,    androecium    with 

FULL    NUMBER    OF   STAMENS  ;    OVary    DIMEROUS,    BOTH    LOCULI    fertile. 

Herbs  and  woody  plants  with  simple,  stipulate  leaves  (Figs.  678-580). 

The  Jiubiaceae  form  one  of  the  larger  and  most  varied  families  of 

the  vegetable  world.     The  almost  always  entire  and  opposite  leaves 

and  the  invariable  presence  of  stipules,  either  leafy  or  scale-like,  con- 
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stitute  the  characterieticB  most  distinctive  of  this  family.  The  charac- 
teristics given  for  the  order  hold  good  as  regards  the  structure  of  the 
fruit  and  flowers. 

SfB-FAMILiBHANB  Kepresestativb  Gbnbra.— (1}  SW&itoc.     Stiiniles  like  the 
leaves ;  loculi  one-aeeded :  Galiam  (Bcdstniiv,  Cleaverti),  corolla  rotate  ;  A^rula 
(A.  odorata.  Woodruff,  Fig.  578),  corolla  funnel-shaped  ;  Skerardia  {S.  arventit. 
Field   Madder).      (2)   CoffeMme. 
Stipules  acalj  ;  loculi  one-seeded  : 
Cofta;    CiphaelU.       (3)    Cindto- 
noidcae.      Stipules  scaly  ;   locuH 
many-aecded ;  CiaAana;  Uitcaria. 

GEOaHAl'HtfAl.  DlKTEIBUTlOS. 

—  The  litibiaceae  oorapriae 
numerous  species  of  mostly 
tropical  lierbs  and  shrubs.  The 
ColTee-plant,  Coffea  araitka  (Fig. 
G79),  is  a  small  evergreen  tree,  in- 
digenous to  the  tropical  moun- 
tainous districts  of  Eastern  Africa, 
but  now  cultivated  in  all  wami 
countries.  The  white  (loivera  dis- 
(■oscd  in  axillary  cluatera  produce 
red,  cherry-like  drupes,  each  con- 
taining tiro  seeds  or  colfee-beans. 
Brazil  supplies  the  largest  part  of 
all  the  colTec  consumed,  but  the 
hest  comes  from  South- Western 
Arabia  (Mocha),  the  Suuda  Islands 
(Java,  Celebes),  and  Ceylon.     The 

various  sjiecies  of  Oardenia  cultj-  *'"•■  SSO.-r™),,™.,  lii,iri;^i.<.  i,  nowerinR  branch ;  2, 
vated  as  ornamentol  plants  also  """^n  S.Howercuttliro.^Kl.lonKltu.Ll^.llj';  4.ffult; 
belong  to  this  family. 

Omi'lNAl-.^CiiwAoiia  tuedniira,  C.  LedgcHana,  and  other  species  of  the  same 
genua  (Fig.  580)  yield  the  cinchona-barit,  CouTEx  Cinchosae,  from  which  Quinine 
is  prepared.  The  Cinchonas  grow  wild  in  the  Andes  mountains  and  are  largely 
cultivated  in  the  mountainous  regions  of  India.  They  are  evergreen  trees  with 
lanceolate  or  roundish  leaves  and  with  flowers  in  pyramid-shaixid  panicles.  The 
flowers  are  about  1  cm.  long  and  have  a  yellowish  or  carmine -co  loured,  funnel- 
shaped  corolla  with  five  fringed  lobes.  When  the  fruit  is  ripe  the  two  oarpeU 
Keparate  at  the  base,  but  are  held  together  at  their  apices  by  the  caly.t ;  they  0[>en 
by  a  slit  ill  the  middle  of  the  partition  dissepiment.  CepkaeUa  Ipccacuatiha,  a  smatl 
under-ahrub  native  of  Brazil,  yields  Radix  Ipecacuashak.  Cncarin  Gaiitlrir,  an 
East  Indian  liane  climbing  by  means  of  hooks,  yields  the  leaves  and  young  shoots 
from  which  Catei'hu  is  extracted.  The  alkaloid  Cofi'ejsum  is  derived  from  the 
coffee- hean. 

FamilyCaprifoliaceae. — Flowers  actinomorphic or  zygomorphic ; 
andru!cium  with  fcll  NUMBKR  OF  .STAMENS ;  gyncecium  usually 
TRiMEROUS  ;  loculi  ALL  fertile;  mostly  woody  plants,  as  a  rule  with 
STIPULATE  leaves  {Fig.  581). 
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The  majority  of  the  menibers  of  this  family  are  shrubs  with  simple 
or  pinnate  leaves  and,  most  often,  with  cymose  inflorescences.  The 
corolla  is  rotate,  campanulate  or  tubular,  in  the  last  case  zygomorphic. 
The  fruit  is  commonly  a  berry  or  drupe. 

ScnmvisiONS. — (])  f!(niibuaae.  Corolla  actinoiiior|iliic,  rotate;  style  short; 
fruit  a  drui«!.  Sauibucui,  the  Elder,  has  pinnate  leaves  and  a  drujiaceous  fruit 
with  threa  stones.  The  leaves  of  nburnum  (Arrow-wood,  Guelder-rose)  are 
simple  ;  the  dnii>es  have  only  one  stone.     (2)  LonUcrcar.     Flowers  with  an  actino- 


niorjihic  or  itygomorphie,  tubular  corolla  aud  a  correspondingly  long  style,   e.g. 
Lonlcera  (Honoysuokle)  with  zygomorphic  Bowers,  Linmtea  (Twin-flower),  elr. 

Geohraphical  DlsTHlBUTloK.— Tlie  CaprifoliiKCac  are  in  large  part  represented 
by  slirubs  and  small  trees  growing  in  woods  and  thickets  in  the  Tem])eratc  Zone  of 
the  Northern  Hemisphere.  Several  well-known  ornaniental  plants  are  included 
in  this  family  ;  tlie  Snowball-tree  or  Guelder-rose,  a  variety  of  Viburnum  Opulus. 
with  sterile  (lowers  only  ;  and  the  various  species  of  Honej'suchle  {iMHiecm)  and 
*  Busii-Honeyauoltle  or  il'tigelia. 

Officinal.— .VmiiiKcus  nigra  (Fig.   581)    and    S.    en'nadtnsia   yield    Flokes 


Family    Valerianaceae. — Flowers    asymmktrical,    with    penta- 
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merous  perianth ;  andrcecium  reduced  ;  ovary  trilocular,  with  only 
one  fertile  loculua  (Figs.  583,  583). 

TKe  family  comprises  herba  and  small  under-shriibs,  having  simple 
or  pinnate  leaves  without  stipules.  The  flowers  are  amall  and 
aggregated  in  profusely  branched,  dichasial  inflorescences.  At  the 
time  of  flowering  the  calyx  is  rmiimental,  but  it  eventually  assumes  the 
form  of  a  feathery  pappus  (Fig.  583).  The  actinomorphic  or  spurred 
corolla  is  rotate  or  funnel-shaped,  usually  of  a  light  rose-colour.  The 
andrceciuni,  which  was  originally  pentamerous,  has  Buffered  reduction,  in 
which  process  either  the  me<)ian  stamen  alone  or,  in  addition,  one  or 
three  lateral  stamens  have  been  suppressed.  Except  in  the  first  case 
the  andrcecium  is  asymmetrical  with  respect  to  the  median  plane  of  the 
flower.  The  gyniHcium,  on  the  other  liand,  is  always  asymmetrical,  one 
of  the  lateral  loculi,  never  the  median  loculus,  being  alone  fertile 
(Fig.  582).     The  fniit  is  indehiscent. 


Reprk.sentative  Gesera.  —  VaUrianeila,  corolla  vofate,  tlirei-  stamens. 
Valeriana,  uorolla  fiinuf1-Bha|)e(],  short -!!]mri'ed,  tliree  stameDs  (Fig.  G83).  Ccn- 
Iranlhia,  corolla  runnel -shaped  and  long-siiurred,  one  stamen. 

Gkooraphical  DlSTBlBlTloN.— The  VnUriaiiacrac  inhabit  tlie  countries  of  the 
Temperate  and  Arctic  Zones,  tint  never  form  an  iinjiortant  ]>art  of  the  vegetation. 
Valeriana  qffinniiltx  and  K.  dioica  are  common  field  tloweH.  CenCmnt/tus  ruber 
13  a  well-known  garden  plant. 

OFf iclNAL.— Fn/ciiniifl  officinalis  yields  R.vd,  Valekianmk. 

Order  9.  Campanulinae 

Flowers  EPIGYNOUS,  actinomorphic  or  zygoniorphic,  most  frequentlj- 
with  the  formula  K5,  C(5),  A5,  G(2^i).  Calyx  gamosepalous,  with 
long  sepals ;  stamens  inserted  on  ihe  VLower-AXiS,  usually  with 
anthers  adhering  together ;  ovary  'nvo-  TO  THREE- LOCULAR,  with 
numerous  ovules.  The  possession  of  latex  is  characteristic  of  most 
of  the  plants  of  this  order. 

The  Cdmpaaulinae  are  for  the  most  part  herbs  with  simple,  entire, 
alternate  leaves  without  stipules.     Their  inflorescences  are  racemose. 


.,  Coogic 


either  rftcemee,  spikes,  or  heads.  The  flowers,  which  are  coramonly 
lai^e  and  conspicuous,  are  usually  of  a  blue  colour.  Except  that  the 
corolla  is  in  some  instances  actinomorphic,  in  others  zygomorphic,  the 


flowers  have  essentially  the  same  structure  throughout  the  whole 
order.  The  anthers,  though  sometimes  free  and  distinct,  more 
frequently  adhere  together  or  are  entirely  coalescent  The  fruit  is  a 
r  more  i-arely  a  berry. 


Family  Campanulaceae. — Flowers  actikomorphic  ;  anthers  free 
or  adherent ;   ovary  usually  TRILOCULar  ;  fruit  a  capsule  (Fig.  584). 

Representative   Gf.neba.  —  Campanula   (Bell-flower),   corolla  campanulate 
(Fig.   684).      FhyUumt   (tUmpion)  and  J.isioac  {J.  nunUnTW,  Sheep's- bit),  with 
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flowers  hsving  a  tubular  corolla  and  aggregated  in  small  heads  or  spikea.     Sptcu- 
laria  (Venua's  Looking-glass),  with  rotate  corolla. 

OEooKAfHiCAL  DiSTKiBUTiUN, — Tlie  members  of  thin  famil;  are  mostlj  oativo 
of  the  North  Temperate  Zone,  where  they  occupy  a  very  prominent  position  in 
the  regetation,  rather  as  the  result  of  the  ^ftA&  A 

atriking  appearance  of  their  flowers  than  ^nbttfli 

hecaiiae  of  the  occurrence  of  a  large  num- 
ber of  individnals. 

Family  Lobellaceae,— Flonera  zvoo- 
HORFHIC  ;  anthers  adhereut,  forming  a 
tube;  ovary  uri.CKULAii;  fruit  a  capsule 

As  in  the  Papilioaiii:aic,  the  mediau 
sepal  is  anterior  ;  but,  before  the  Sowrm 
open,  by  the  torsion  of  the  flower-stalk, 
the  parts  of  the  flower  ultimately  appear 
to  occnpy  the  normal  position.  The 
Lobtliiieaie  are  chiefly  tropica)  plants. 
Lobelia  DoHmiiuiia  occur  in  the  ponds  ol' 
Korthern  Europe. 

-Hr-RBA    LOBBLIAE    i» 


Family  Cucurbitaceae,  a  group 
of  doubtful  relationship,  annexed 
to  the  Campanulinae.  Flowers  epi- 
gynoua,  UNISEXUAL ;  calyx  and 
corolla  actinomorphic,  adnata  at 
the  base ;    stamenit   five,  but  they 

FREQUENTLY      COHERE      either       IN 

FAIRS,  so  that  there  appear  to  be 
but  three  stamens,  or,  more  rarely, 
they  are  all  united  into  a  column;  fio. iar.-jfr^u-iuiim™.  ^, nowerinn brami. 

anthers    MONOTHECIOUS  ;    ovary  tri-         (reduced);  B,  frmslai  C,  male  nower  (int. 

locular  :    fruit  baccate,    a  pepo  or       aiie); /),andr(Kimn(inipiiiL8d);  e,  fnnu; 

,    '       ,  II     1  F.  frail  iu  Bwiion.—PoysuAwa. 

succulent  berry.     Herbs  without 

LATEX,  Commonly  climbing  by  tendrils  (Figs.  586-587). 

The  majority  of  the  CuairbUuceae,  although  only  annual  herbs,  grow 
to  a  lai^e  size.  They  are  usually  covered  with  stiff  hairs,  and  have 
long,  often  hollow  stems  with  large  heart-shaped  or  lobed  loaves  and 
corkscrew-like  tendrils  arising  near  the  leaves.  The  flowers  ai-e 
axillary,  either  solitary  or  in  groups.  The  corolla  and  calyx  are 
united  together  at  the  base  into  a  cup-ebaped  receptacle,  from  the 
margin  of  which  are  given  off  the  delicate  sepals.  The  gamopetalous 
corolla  extends  above  the  level  of  the  stigma ;  it  is  rotate  or  cam- 
panulate,  always  deeply  five-lobed,  and  of  a  yellow  or  whitish  colour. 
The  reduction  and  cohesion  of  the  tortuous  anthers  (anther-halves) 
give  the  andru^cium  a  highly  characteristic  appearance  (Fig.  587).    The 
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three  loculi  of  the  ovary  are  almost  completely  filled  by  i 
ovulea  and  projecting  fleshy  placentte.  The  fruit  is  a  spherical  or 
elongated  berry,  not  unfrequently  of  an  enormous  size.  Its  firm,  some- 
times hard  exocarp  (then  termed  a  pepo)  usually  encloses  a  succulent 
mesocarp  derived  chieQy  from  the  placentfe.  The  seeds  are  large  and 
flat,  and  without  endosperm. 

QEoaKAFElcAL  DiSTHlBUTioH. — Tha  CucarbUoteac  compriBe  for  the  moat  part 
plants  of  the  Tropical  Zone,  thriving  beat  in  the  drj  open  districts.     Varions  . 
apaciea  are  cultivated  Tor  the  sake  of  their  fruit,  e.g.  the  Pumpkin  {CiKurbita  Ptpo), 
the  Cucumber  [CtKuniU  aaiivui),  the  Mnsk-melon  (Oueumia  ifelo),  the  Water- 
melon ( Citrutlva  vulgaris),  etc. 

PoisoNnus.^ — Bryonia  ditdca  (Fig.  G87)  and  B.  alba,  hirsute  teDdril-climbera 
with  tuberous  roots,  lobed  leavea,  and  comparatively  small  berries,  nhicb  in  tbe 
former  species  are  red,  in  the  latter  white. 

OvvvAVAl.. — Citrulhia  ColocynthU,  a  herb  somewhat  resembling  the  cucumber, 
native  of  the  African  and  Arabian  deserts,  yields  Pulpa  Colocynthiuis. 


Order  10.  Aggregatae 

Flowers  EPiGYNOUS,actinomorphic  or  zygomorphic,  constructed  after 
the  formula  K5,  C(5),  A5,  G(2) ;  calyx  RUDIMENTARY ;  stamens  in- 
serted on  the  corolla ;  anthers  usually  adherknt  (syngenesious) ; 
ovary  UNILOCULAR,  with  one  ovule.  Fruit  indeliiacent.  Inflorescence 
a  CAPITULUM,  surrounded  by  an  INVOLUCEE. 

The  capitate  inflorescence  is  the  most  distinctive  characteristic  of  tbe 
Aggregalae.  The  margin  of  the  expanded  axis  of  the  inflorescence  is 
occupied  by  numerous  hypaophylls,  while  its  whole  upper  convex  or 
concave  surface  is  thickly  beset  with  small  flowers  (florets),  which 
are  frequently  given  off  from  the  axils  of  reduced  subtending  bracts 
or  scales  (pales).  In  its  general  appearance  the  whole  inflorescence 
resembles  a  single  flower,  particularly  when  the  marginal  flowers  are 
larger  than  the  central,  and  form  a  sort  of  corolla  about  them. 

In  the  united  anthers  and  in  the  occurrence  of  aeptated  lates  tubes  the  Compo- 
sitat  show  a  relationship  with  the  CaTitpanuJinae,  whilst  the  Dipiaauxac,  on  the 
other  hand,  are  apparentij  couneoted  by  intermediate  forms  with  the  VaUriaitaccae. 

Family  Dlpsacaceae. — Flowers  with  epicalyx,  usually  zygo- 
morphic ;  corolla  four-  to  five-lohed,  imbricate  IN  THE  BUD ;  stamens 
four,  with  FREE  anthers ;  style  SIMPLE ;  ovules  SUSPENDED  ;  seeds 
WITH  ENDOSPERM.     Leaves  opposite  (Fig.  588). 

Herbs  with  simple  or  pinnate  leaves  and  many-flowered,  flat  or 
convex  capitula  whose  marginal  flowers  are  frequently  lai^er  than  the 
central.  The  possession  of  an  epicalyx  consisting  of  united  bracteoles 
is  characteristic  of  the  flowers  of  this  family.  The  true  calyx  is 
rudimental,  represented  only  by  teeth  or  bristles.     By  the  cohesion  of 
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the  two  posterior  lobeB  of  the  corolla,  it  frequently  becomes  apparently 
tetramerous ;  when  the  andrcecium  is  teCramerous,  it  is  in  consequence 
of  the  suppression  of  the  median  stamen.  Ilie  nut-like  fruit  is 
enveloped  by  the  persistent  epicalyx. 

Repkesentative   Ge-jeba. — (n)  Witit  paleie ;  Dipiacva  (Tcusel).  tliistU-like, 


with  prickly,  involucml  bracts  oud  scales,  coroUs  Tour-lobed ;  Scabioaa,  involucre 
hsrbsceous,  corolla  fivc-lobed  ;  SuccUa,  corolla  four-lobed  (Fig.  588].  {b)  Without 
palce  :  A'«a«tia. 

Geoouapuu'al  Distribution. — The  Dipaaeaeaie  are  chiefly  met  with  in  sunny 
situations  in   the   Meditcirauean   region.     Some  species  occur  in  more  northeru 
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latitudes.     The  heads  of  IHpmcua /ulloimm,  t lie  cultivated  Fuller's  Teasel,  have 
hooked  paleie,  and  are  used  Tor  raising  a  nap  upon  woollen  cloth- 
Family  C»lycM»cwie.— Flowers  without  eficalyx  ;  corolla  valvate  ;  stamens 
united  ;    atjio  simple  ;   ovules  sl'spbndbd  ;    needs  with  endosperm.      A  am»ll 
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South  Alneiicao  ramily,  ivhicli  is  only  of  interest  as  establishing  the 
between  tlio  DijDucaeeae  Bini  Camposiliic. 

Family  Composltae.  —  Flowers  WlTHOLT  KPICALYX ;  corolla 
VALVATE;  stamens  Fivt:,  with  hyngenesiouh  anthers;  style  bifid; 
ovules  EBETT;  seeds  wiTHOiT  F.NDO«PERM,  Leaves  commonly 
alternate  (Figs.  589-594). 

The  Compontue  comprise  mostly  herbs,  rarely,  and  then  usually  con- 
Bned  to  the  Ti-opics,  shrubs,  lianes,  and  trees.  The  vegetative  organs 
vary  so  greatly  in  their  external  appearance  that  they  furnish  no  features 
that  are  valuable  as  a  means  of  distinguishing  the  family ;  chemically, 
however,  the  C'omposilae  are  characterised  by  the  presence  of  inulin  in 
their  subterranean  parts.     The  flowers  and  inflorescences,  on  the  other 
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hand,  although  they  also  exhibit  great  diversity  of  form,  are  always 
easily  recognisable.  The  heads  (Fig.  590)  are  either  solitary  or  com- 
bined in  compound  inflorescences,  generally  of  a  dichasial  character. 
The  involucral  bracts  are  sometimes  herbaceous  and  green  ;  sometimes 
scarious  and  then  often  highly  coloured,  as  in  Hdichrysum  and  other 
genera ;  sometimes,  as  in  many  species  of  Centaureu,  they  are  provided 
with  dry  fringed  margins,  or,  as  in  the  Thistle,  they  may  be  prickly. 
Tlie  expanded  floral  axis,  the  receptacle  of  the  capitulum,  is  concave  or 
flat  (Fig,  590,  a),  slightly  elevated  or  prolonged  conically.  It  is  some- 
times naked  (a)  or  hairy,  sometimes  covered  with  small  scales  (b), 
always  pitted  like  the  surface  of  a  thimble,  with  alveoli  in  which  the 
separate  flowers  are  inserted.  The  calyx  is  never  green,  and  is  only 
rarely  represented  by  five  colourless  segments.  It  usually  consists  of 
a  cusliion-like  ring  which  1>ears  the  P.APPI's,  a  tuft  of  bristles  or  hairs 
(Fig.  591),  The  corolla  is  often  regular  and  five-lobed  (Pig.  591,  h), 
as  in  the  Thistle.  When  zygomorphic,  it  may  be  bilabiate,  as  in  the 
South  American  Mulinieae  .■  more  frequentl}',  by  the  suppression  of  the 
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upper  lip,  it  becomes  ONE-LIPPED  or  FALSELY  LIGULATE  (Fig.  591,  ir), 
aa  in  the  marginal  flowera  of  the  Chrymnlhemum ;  or  it  ia  ligl'L.\te 
and  split  for  a  considerable  distance  on  one  side,  as  in  Tnroj-jiciim 
(Fig.  593,  2).  The  one-lipped  and  ligulate  flowera  are  very  similar  in 
appearance,  but  in  the  one-lipped  flowers  the  corolla  has  only  three 
teeth,  in  the  ligulate  five.  The  margin  of  the  receptacle  is  frequently 
occupied  by  one-lipped  flowers,  and  the  central  portion  or  disc  by 
actinomorphic  tubular  flowers.  In  such  cases  it  is  customary  to 
distinguish  between  ray-flowebs  and  disc-flowers.  The  former  are 
frequently  female  {Arnica,  Inula,  Matriciirm)  or  neuter  {CeiUanrea 
Cyaiius);  the  disc-flowers  are  sometimes  all  male  {Tvasilago).  The 
STYLE  divides  at  the  apex  into  two  variously  shaped  stigmas,  and  is 
surrounded  at  the  base  by  a  honey -secreting  disc  The  fruit 
(Fig.  592,  b)  is  a  one-seeded  indehiscenl  fruit  or  achene ;  it  is  usually 
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crowned  by  a  pappus  which  is  of  service  in  the  dissemination  of  the 
seeds  by  the  wind.  The  pericarp  is  leathery,  and  often  adherent  to 
the  oily  seed. 
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Flowers  octinoiiiorphic  or  the  ray'flowere  ona-lipped,  no  latex.      (A)  Cj/nareac. 
Rweptacle    nitli    aetaceoUB    palen,    involucral    leaves    eitlier    prickly    or    with 
membranaceons  margins,  style  swollen  below  the  stigmas  into  a  cushiou-like  ring, 
fruit  with  pappiia.     Cnrrfujw  (PlomelesH  Thistle),  involucre  prickly,  h»ira  of  pappus 
naked;    Ciriium   (Common   or  Plumed  Thistle),    like   the   preceding,   but  with 
feathery  pappus ;  Ciiiaia  (Blessed  Thistle) ;  Lappa  (Burdock),  tips  of  involacral 
leaves  hooked  ;  Ceiitaurea.  involucral  leaves  with  bristlf^s  or  membranous  margins, 
ray-flowers,  neuter,    (if)  £upatorieae.    Flowers 
actinomorphic,  involucre  herbaceous,  receptacle 
without   psiex,   style  not  awollen   below   the 
sti|{mas;  Petiisilti  {}'.  vulgaris,  tlje  Butter- bur); 
Tusiilago  (Coltsfoot) ;  Eupatoriiim  (Tliorongh- 
wort).     (C)  Attertar.    Marginal  flowers  female, 
usually  Eygomorphic.     (a)  Anihemideae,  with- 
out    pappus ;     AntAemis     (Chamomile)     aud 
Achillea  (Milfoil,  Yarrow),  with  paleee ;  MaM- 
earia  (Wild  Chamomile)  aud  Chrytanihtmum, 
without  palcB  ;  Arlcmitia  (Wormwood),  with 
tubular  Howers  only,     (b)  HtliatUlifat ;  Heli- 
an<Au>  (Sunflower),   {e)  Calendulcat ;  Calendula 
(Marigold),      {d)   Stntciontaf,    pappus    hairy ; 
Sen<cio    (Groundsel) ;    AtTiica.     !{e)  AsUreat, 
pappus  bristle.like,  frequently  brown  ;  Atler  ; 
Solidago    (Golden-rod) ;    EHgrron    (Fleabane); 
Jntita  (Elecampane) ;  Onaphalium  (Cudweed) ; 
Anttnnaria  (Everlasting  Cat's-foot)  and  HtU- 
chryiuia,  with  scarious  involucre.     (J)  Ambro- 
sUtit,    anthers    free ;    Xanthium    (Cocklebur)- 
(2)    Labiatifiurat.       Flowers    bilabiate.       The 
m^ority  of  the  plants  in  this  group  are  native 
of  South  America  ;  none  occur  in  Europe.     (3) 
Li^lijtorae.     Flowers  ligulate.     Mostly  herbs 
with  septated  latex-tubes.    Tiimxtmini  (Dande- 
lion), with  beaked  (hlit,  pappus  of  unbranched 
hairs ;    Lactvea   (Lettuce) ;     Crcpu    (Hawk's- 
beard) ;  Hicracmm  (Hawkweed),  with  brownish 
{)appus  of  unbranched   hairs;   SaiKhut   (Sow- 
Tbistle);  ftoriOBc™  and  Tragopogon  {T.  porri- 
Fio.  5!H.-//irfi™  Ht-i*:  (i  ii»t.  siif).-  y„;(,„^  Sahtify),  with    feathery    pappus  ;   Lcon- 
roiaoxors iu-i  umcinJL.  ^^^  (Hawkbit). 

Geogbachical  DiHTHiDl-TloS.— The  Camposilac  form  the  largest  family  of  the 
vegetable  kingdom,  comprising  from  10,000  to  12,000  species,  scattered  over  the  whole 
world-  The  following  are  important  on  account  of  their  special  economic  value. 
Ladvea  saliva  (Lettuce),  Cirhoriwa  Bndivia  [Endive),  C.  Intybut  (Chicory), 
Cynara  Seolymui  (Artichoke),  ScoramtTa  hitpaaiea  (Viper's-grass).  Artemisia 
DracKiteulm  (Tarragon).  Ornamental  plants  :  Dahlia  variabilU  (Dahlia),  various 
species  of  Aalrr  and  Cknjianthemvin,  Helianlhua  annutis  (Common  Sunflower), 
Calendula  offiHiialis  (Pot-Marigold). 

Piiisi>NOi's. — Laetuca  virosa  (Fig.  694),  a  tall  glabrous  herb  over  1'50  metre 
high,  with  elongated  amplexioaul  leaves  and  small  ye  How -flowered  capitula  in 
corymbs.     The  aclieoea  are  black  and  have  a  white  itappus.     The  whole  plant  is 
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nbandantlj  supplied  with  &  white,  ill-smelling  latez,  whioh,  as  Lactucarium, 
is  officinal  in  Austria.  The  plant  is  not  dangerously  poisonous.  Lattuea  Seariola 
(Prickly  Lettuce)  resembles  the  preceding  species,  but  has  almost  vertical  leaves, 
not  horizontal  as  in  L,  viroia,  and  brownish  achenes  ;  it  is  not  poiMnous. 

OFFICINAL, — Amira  mantana  yields  Kasix  bt  Florbs  Arkicae  ;  AHttairia 
AbHiU/tiuin  (Common  Wormwood),  Ebbba  Absinthh  ;  ATiemisia  sp.  (from 
Tarksstan),  Flores  Cinae  ;  Matriearia  Chammnilla,  Hatkicaria,  the  German 
Chamomile  ;  Cnioia  bentdvUvt  (Southern  Europe),  Herba  Cardui  benedicti  ; 
Inula  Htlenium  (Common  Elecampane),  Radix  Inclab  ;  TuMilago  Farfara,  Folia 
Farfarae;  Ad^illea Millefolium  {CommoaYaxK'iii  atVLiitail),  Herba  Millbpolii  ; 
AnUtemis  noJnlU  {QaxAen  Chamomile),  Florbs  Akthf.hidis  ;  Spilanihis  oUratea 
(South  America),  Herba  Sfilaktbisj  Lappa  vulgarit.  Radix  Lappae;  Amteyelua 
Pyrtlhram  (Southern  Europe),  Radix  PiBETaRi  ;  Taraxaeuin,  o^cinalii  (Common 
Daodetion),  Radix  et  Folia  Taraxaci  ;  Lactuca  mroia,  LACTUCABirM. 
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{.iHleruki  denott  lUiutralions.) 


AcliUlea  MUIetoliuio,  599 
Aconitum  Napellna,  'Sll.  •512--514 
Aoorna  Calamna,  "474 
AgBthIa  loranthifolia,  442 
AgropjTum  repeiw,  482 
Aloe  TOCotriiia,  *488 
AlpidiA  offlciuarum,  486 
Alttuen  officlnnliH,  *530 
Anacyclua  PjTethnira,  598 
Audira  ArBTOba,  562 
Aolheniia  nobllis,  G09 
Archsngelicft  oDiciualix.  550 
Arcwwtaphyltw  Ura  iii>«,  •569 
Areca  Oitechu,  478 
Arnica  inonlona,  "596,  599 
Artemisia  Absintblum,  599 

sp.  (moras  CituK),  599 
AHpidiiim  filii  uibb,  '397,  400,  •401,  406 
Aspidospemia  Quebracho,  575 
Astn^Blua,  562 
Atntpi  Bellailoiinn,  *6eO,  582 

BBti  VULGARIS  var.  Bapa,  '507 
Boawellla  Bhaii-Dajiaua,  535  ;  Carteiij,  lb. 
BroiMica  uigra,  520 

Canahidh,  535 

t^nabls  saUva,  *501,  502,  503 

Capsicum  annnuni,  582 

Caraiii  Cam,  *546,  550 

Casfiin  acattfolia,  *557,  559  ;  tiUKiiHtirolia, 


Cboi 


I8cri> 


'334,  ; 


Oincbona  lauciTolia,  *589  ;  succi 

Lddgeriana,  ib. 
Cmnamomiitii    leylaDicuin,    *1 

Camphoni,  517  ;  Cassia,  5 
Citrtillua  Colocj-Hthi»,  594 


atnia  UmODUiD,  536  ;  vulgaris,  535 
Clavioftpa  purpurea,  *357,  368  ;  solwotiuru 
of,  '87 


Coicn 


leilicl 
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Couhlearia  officinalis,  520 

Cocfls  nucifsra,  MTl,  '472,  473 

Coffca  arabica,  '588 

Coluhicum  aittnmnale,  *407,  46S 

Comiuipfaoni  Hyirha,  535 

Couium  maculatuni,  '546 

Copaifera  guianeoBis,  559  ;  ofSciualis,  559 

Coriandrura  sativuni,  '549,  550 

Crocus  sfltims,  470 

CrotoLi  Elcuteria,  543  ;  Tiglinm,  543 

Uurcuma  Zedoaria,  486 

Cyilonia  vntgaria,  656 

Datuha  STKAMoNirv,  *5S1,  582 
Digitalis  purpurea,  '583,  *584 
Dorema  Anim 


ElKTTARIA   CABDAHOMfM,  486 

Erylhraea  CenUuriuni,  *573 
EiytbroiylQUi  Coca,  533 
Kugedia  caryophjrllata,  •564,  G8B 
Eiipliorbia  resiuifera,  '541,  543 


1   capillaceum,   550  ;   officinale, 
■5(2,  574 


Fraxiuiia  Omus. 


Galbowis  in 

GarciDia  Morella.  525 

Grutiaua   lutea,   *673,   575  ;    jiannonica, 

575  ;  piincWtji,  575 ;  purpurea,  575 
Gigartina  iiianiTiiillo«a,  •335,  337 
Olj'cyn-hiia  Rlabra,  502 
Qonolobas  Conduraiigo,  576 
Gomypium  hvrhaceuiu,  '531 

HiKM. 
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HagDUia  abyssmicB,  *f>S2,  SG6 
Hopes,  525 
Hordcum  vulgare,  4S2 
Huraulna  Lupnlas,  *502,  503 
Hydrastis  caaadeasia.  514 
fiyoscfainus  aiger,  *58l,  SS2 

Inula  Helbnicth.  599 

Ipamoea  Furga,  577 

Iris  lloTOUti nil,  *469,  470  ;  germuika,  470  ; 
pallida,  470 

Jatkobhika  Caluhba,  516 
Jnglann  regia,  *498,  499 
JnDip«rus    communi)),   '436.   44'i ;    oiy- 
cedmf,  442  ;  Sabina,  *442 


334 

lappa  major,  *595  ;  vulgsris,  599 

Luii  europaea.  441,  442  ;  nibirica.  442 

Laurua  nobilis,  517 

Lavandula  vera,  G97 

Leviflticuiu  ofliciuale,  550 

Liniim  usitatissimum,  *533 

Liquidambar  BtyraciHna,  552  I 

Lycapodium  clavaCum,  410,  '417,  418         | 

MaLLOTCS  FBILIPFIHinSlg,  543  I 

MalvH  silveMns,  '530,  531  ;  vulgaris,  531 

Maranta  araDdiiiacea,  487 

Matrit,ana  Chaniomilla,  '595,  59B  , 

Melilotus  altissimaa   562  ;  officinalis,  562 

Melissa  othcinalls,  '586,  587  ' 

Mentha  cnnpa,  587  ,  piperita,  587 

Menyanthes  trifoliata,  575 

Moms  nigra,  502 

Myristica  rmgraiis,  516  ;  moscfanta,  '616 

NicoTUNi  TiBACCM,  '579,  '580,  582 

OLKA  EnHOFAEA,  '572,  574 
Ononis  epluosa,  563 
Orchis,  '487,  *488,  '489,  490 
Origauam  vnlgare.  537 

PALAQCtlDU,  569 

Papaver  Bomniferum,  *521,  522 

Phyxostigma  veneiioeum,  562 

Picraena  eicetxa,  535  { 

PilocarpDs  peimatifoUDa,  535 

Pimpiuells   Aniaum,  '546,   550  ;   magna. 

550 :  Saxifraga,  550 
PinnaaaBtralia,442;  Larido,442;  PinsBter. 

442  ;  Pamilio,  '434,  443  ;  silveatris. 

'434.  '435,  *441.  442  ;  Taeda,  442       [ 
Piper  Cubeba,  '504 


I  Pistacia  Lentluiis,  635 

Podophyllum  pelUtuni,  516 

I  Polygala  Benega,  *533,  534 

I  PolyponiB  fomentarius.  370,  373 

'  Pruiiua  Amygdalua.  656  ;  doniflatii 
I  LaurowrasntL,  556 

I  Pterocarpus  sanCalinua,  562 

'  -     ■      -  664 


QUABBtA  AMARA,  536 

Qnercua   pedoncnlaU,   '495,   *496  ;   lusi- 
tanica  var.  infectoris,  499 

Rheum  opficihale,  '505.  *50S  ;  palma- 

turn  var.  tanguHcuni,  606 
Ribes  rubrum,  552 
Ricinns  connnuDia,  '542.  643 
Rhsmnus  Frangiita,    '538,    539  ;    catbar- 

tlca,  539 ;  Purshiana,  639 
Koea  centifolia,  556  ;  damaJiceiia,  566 
Ronmarinus  ofllcinalig,  587 
Rnbus  idaeus.  556 

SaBADILLA  OFFICIHARUU.  438 

Sacchanini  offieiDaitlnt,  '481.  482 

Salix  alba,  494,  495 

Salvia  officinal  is,  587 

Sambncus  canadensis,  590  ;  nigra,  G90 

Santalum  album.  566 

Sassa&as  officinale.  517 

Secole  coniiitnni.  *S7.  '357,  853 

8milax,  468 

Solanum  Dulcamara,  582 

Spilanthas  oleracea,  'SI.  '867.  3S8 

Strophanthus.  675 

Strychnos  nui  vomica,  674 

StjTax  Beuioin,  669 

TaVARINDDS  INDICA.  *558,  659 

Taraxacum  officinalis,  '697,  599 

Thea  chinenais,  '524,  626 

Tbeobroma  Cacao,  '629 

Thvmus  Serpvllum,  587  ;  vulgaris,  587 

Titia  graudifolia,  528  J  parvifolia,  -528 

ToUiiferB  Balaamum,  562  ;  Pereirae,  662 

Triticum  vulgare,  '480-482 

TuMdlago  Fari'arB.  599 


Valeriana  dioica,  591  ;  offlcinalis,  *59l 

Vanilla  planitolia,  '489,  490 

Veratrnm  album,  468 

V^erbaacum  phlomoidea,  583  :  thapsiforme. 
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NiPELLCs,'«8,*6n,'E12-"514 

Lyooctononi,  ■512-514 

St'lercke&duni,  514 

varii^tuni,  514 
Adonis  veroalig,  514 
Aethiisa  Cynnpiuin,  '549,  550 
Agroatemma  Qithago,  •509 
Amanita  ninscaria,  '372,  373 

pBntherins,  373 
Aiiagallis  ar>-BnBi3,  •670,  671 

cocruleo,  571 
ADBinone  Pulsatilla,  '513,  514 

nemorcHa,  514 
Anim  niaculntam,  "473,  *474 
Atropa  Bellmionna,  •680,  582 
Aialea,  683 


Brruu  a: 

BoletuB  Satanaa,  370,  •871 

BcyoDia  alba,  594 

dioicft,  "693,  594 
Bnxua  sempervireoB,  539 

CiLLA  PALUSTH13,  474 

Caltha  palnstris,  *612,  514 
Cicuta  virosa,  '547,  550 
Clavioepa  purpurea,  ^87,  ^357,  358 
Clematis,  614 

Colchicum  autiimnale.  '437 
Coniiim  inaculatuni,  ^646,  -548,  550 
Convallaria  iui\JKlis,  4S8 
Coronilltt  varia,  •SaO,  662 
Cyclamen  europaeum,  *570,  571 
CytinuEi  alpinus,  562 

biHotua,  5H2 

Laliumam,  "561,  562 

purpureus,  562 

Weldini,  562 


DatDra  Stiamaninm,  '681,  582 
I  Delphinium  SlaphjBagria,  614 
I   Digitalis  purpurea,  '583,  584 

,   Eboot,  87,  357,  368 
Euphorbia  cypsrissias,  '641,  543 
EvDoymnB  eutopaea,  •538 

FRITILLARtA  lUFBDIALW,  463 

GEATIOLi  OFTICINALIB,  583 


Tirictifl,  614 
H«tveUa  auspecU,  360 
Hippomane  HaacinalU,  643 
HyoscySDua  nig«r,  ^447,  *5S1,  5 


JoNIPKBDa  Sabina,  *442 


Lactabiub  T( 
Lactuca  virosa,  '698,  5 
Ledum  polustre,  668 
Lolium  liulcola,  482 
temuleotiim,  481,  *4 


Oekabtre,  550 


I    PaPAVBR  BOireiFKHUU,  •521,  61 

'   Paris  quadrirolis,  '467,  466 
Pmans  Lauroceraius,  555 
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BCeleratas,  •613,514 
Rhoiloflendrou,  568 
KiclnUH  comiauuig,  *S4d,  543 
Ruuiils  emetica,  373 
RnU  gnveoleuK,  '534,  535 

Saposabu  omciNAUs,  509 
3clerod«raia  viilgan,  *373 
SocaU  carDntuin.  *87,  '357,  351 
Sium  iBti  foil  urn.  '548,  650 


SolanuDi  Dulcnmars,  5S2 

Digtuoi.  582 

tubenBom,  '24,  5S2 
Strychnoft,  574 


Veratrdm  album,  4S8 
ViDcekiiiciim  officinale.  *b7S 
cum  albnm,  *17.  ■5e«,  567 

WlSTABIA   SINENSIS,  562 
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JulKs.  439  ;  ollii.  *«0,  44a 

Ahietuiileae,  439 

Alisorptive  pow*r  of  aoil,  178,  183 

Abi<)-Dthiii,  206 

Aaiei>i.*557,55S;  pby\\a\ef,5e;  pycuaii- 

tha.  *4e  ;  aph-frocriAida.  213.  '214 
AeaiiihacrfK.  685 
.icaiUkm-rhha,  root-tboms,  43 
Auauliiscent  plants,  28 
Accessory  fi'uctifiuatioLis,  343 
Aetr,  'SSfl.  637 
AcfTotta,  538,  687 
Acttahularia,  •328 
AL'heue,  460 
Arhillai.  •448,  69S,  599 
AclUya,  •346 

Acid  from  roots,  on  marble,  183,  184 
Aconitin,  206 

AcoaitvM,  '448,  511,  •612-514 
Aemii,   *474,    47^  etliereal    oils,    73; 

root,  '103 


Am 


•„  306 


-mioBl 
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Ai-tiDomorjihic  plaute,  16.  45^ 

Avycltt;  llowerT<,  451 

Ji/amodio,  239 

Adder's  Tongue  Fern,  Qiihioghysnna 

Aitonis,  Sll.  514 

Adventitious  shoots,  20,  225  ;  roots  41  ; 

buds,  144;  bulbs,  278;  genus,  278, 

•279,  '157 
—  -Eci^uspoKs,  364.  365 
-  .Ecul'mui,   •364,   365,  367 ;   i-atlioiogioal 

efTMCsor,  15G 
Aerating  roobi,  43 
Aerobionts,  213 

AuratropiKm,  263  ;  pollen  ((rain.  281 
.Estuli...  74,  205 
Ar»eiilv',  637;  buil-walvs,  33;  glaiuliiliiv 

tolltters  too 


£ativ&tioB,  37,  446 
AftMiuiu,  304 
Arlhusa,  •549,  560 
Afl*r-ellects,  238,  W6 
Agar-Kgftr,  337 


>,  liyphi,  *60 ;    phosplioiv) 


Agathit,  439,  442 
Agare.  185,  204  ;  stum,  I 
Aijgffgalar,  594 


Airstoiuata.  95,  'IPO 

in  intercellular  spaces,  S7,  *1 
Aim,  480 
AioKicaie,  SOft 
Ajuga,  587 
AlarUi,  334 

'Album  iuates  of  thf  pivtflpla;iiu. 
Albuiuiiions  substances,  foriual 
AUinrniim,  124 
Ahhruiilla,  '451,  •653,  554 
Alcoholic  rermentation.  211,  21 
Alder,  Alava 

Aleurone,  70,  *71  ;  n  resene  ui 
Aleiiue,  212 

.Alyoe,  Oreeu,  318  ;  forms  of, 
pbyll  bodies.   57  ;   album. 

71  ;  apical  cells,  148  ;  syn 

licheni  ami  aniuiaK  213;  pliosphor- 

escenee,  223 
Ked,  Rhvtii^hffn^w 
Algal  Fungi,  341,  343 
Alimiiii,  483  }  pfauhif/-.  shoot  of.  'iST 
J/iV««i™.c.  482 
Alkaloids.  64,  74,  206 
Allantoin,  203 
.I//.-P.UI,  466,  467  ;  Imd.  17  ;  fat.-  and  oils, 

72  ;  I'rjxt.  adventitious  root  of.  '110  ; 


rczcJbyGoOgIC 


352 
Alet  taeolriHO,  '468  ;  ails,  72 

nigriamt,  *fl4 
AloiD,  I^Ofl 
Alopfcvroji,  480 
AlpiDB  Violet,  Cydamtn 
Atpinui,  486 
Aliuige  Oruuge,  Madura 
AUinoidrac,  608 
Alefphila,  400,  '404 
Alatruemtn'ae,  258 
AlUrnation  of  generations.  44,  289 
Althata,  'SSO,  531 
AlumiDium  in  pUntx,  172,  175 
Algaiam,  519 
AvtaKOa,  369,  '372.  373 
Amaranlaaar:,  507  ;  thickening,  137 
.Imamnfiu,  607  ;  bundles,  117 
Amaryllidaoeae,  4SS 
Amber,  88 
,)  mbmsUae,  598 
Amel  com,  Tritlcma  dicoaum 
Aiiwnlaeear,  492 

Amicia,  'a;! 

Aniiile,  51,  203 

Amitotio  division,  62 
Ammonia,  53,  173 

Amoebae,  '213  ;  aymblmls  wltli  algae,  176 
~^iDC3boid  mOTementB,  52,  242 
AinorjAopiialltit,  474 
AmpdopHia,  •28,  249,  •287,  538 
^.^S^..i'Jm-ui  plants,  236 
Anipbigutrium,  *3S9 
AinyjiMae,  228,  556 
Amj'BiUlin,  74,  205 
Auiylodeibin,  70 
Amyloid,  70,  81 
■      ■  ^59,  71 


l.njrf««i 


I,  482  ; 


Asabaeiia,  213,  308,  408 
Anaairdiaeeat,  535 
Anscrogynons  JungtnuinHi 


AtinphiiGes,  62 
Anaplyr-hia.  '380 
Austoni),  10,  47 
AnatropoiiH  ovule,  'iZO,  431 
.iHrfiVn  ^m/y*o,  562 
Aitdrtaai,  394,  *W5 
Aiuireatiiertie,  394 
AudroKiiom,  "428,  447,  "448 
Amlru-neda,  568 
Aadropogon,  481 
Amlrapogoiifiu;  480 
-iTirfnWfft;.;,  571 


487 


Anetiume,    511-^513,    514;    foDgns    on, 

359,  367 
Auemopbilous  plants,  282. 
Anfikum,  650 
Aaeura,  148 
^R^ioi,  549 
Afigiepieriii,  404 
AHgioapermae,     444  ;     fertilisation,     *67, 

454  :  buiidlea,  103  ;  Band  leaves.  114 
Anffrecum  fflobuIosuTo,  43 
Anilin  Bulphate,  80 
Animals,  agents  far  dissemination  of  weds, 

292 
Anise,  ///iri«m 
Auisatropy,  260 
Annual  ringa,  •123,  •126,  '130 
Aunnals,  27 


>,  416 


sporangia,  248.  402 

AttomceM.  515 

Antmnaria,  598 

Anlheia.  461 

AnlhemuitBt,  698 

AnHumii,  598,  599 

Anther,  '447 

Antheridia,  319  ;  of  the  Bryophyta,  *S81  ; 
of  the  Ferns,  '406 

AatbesLi,  446 

Anihoteraii,  •389  , 

Anthocfrvtofeaf,  384,  388 

Authocyanin.  74 

Anlhi^canlkum,  480 

AMhrucas,  649,  550 
I    A«th.yUU.bt\ 
I    Aiitiulini' 

Autimon 

Autipocid  cell's,  454    - 

Aatirrhinoideat,  58-2 

.l«(i7TAiH«ffl,248,  583 

AQtil«iine,2]2 

Ant  plants,  213.  •214 

Apel,  147 


Apiu- 


550 


Aplauogauietes,  326 

ApocarpoiB  gyntecium,  448 

Apocyiiacatf.  83,  676 

Apogamy,  279 

Apophysis,  392 

Apospory,  291 

Apotbecium,  351,  S59 

Apple,  Pirua  moJiM 
■   ApiK>sltion,  growth  by,  7B,  281 
I  Apricot,  I'ranva  armtniaea 

A'piifoliareac,  537 

AquU^ia,  511 
I   ArabU.  510 

I   Araaat,  473;  roots,  43;  velaiuen,   100; 
I  ftlioblasis,  *108 ;  heat  by  respiration, 

'  221 


-      * 


..Google 


Claif<>pier.t,  "324  ;  formation,  "12  ;  ni 
nuclesr,  *59,  60  ;  cells,  'S*  ;  bw 
spores,  *324 

Ctaxluateyhua,  829,  'SSI ;  forraation. 
13.  US 

Cladothrij,  •SIO 

CluTaria,  *370 

Clamrieae,  370 

C/twiceps,  'SS?,  358  ;  tissue,  *87 

Cleavers,  Oaiiuni 

Civ  ft  lEavea,  30 

CleiatiiairpiK,  394 

Claaatk,  511,  514  ;  pitli  cells,  •75 

Climlimg  rooU,  42 

Closing  luembruie,  76 

ClaiUrium,  '317 

Clover,  Trifoiium 

Cloves,  ess 

Club  Mosses,  Lycofiodinat 


(Jlu 


'.,  624 
I,  599 


C<*nfi[,  268,  677  ;  >eed,  293 
Cobalt  in  plants,  172 
Cocaine,  206,  533 
Coed,  308 
C-cxaneiiui,  '314 
a>chltarui,  519,  620 
Cocklebur,  Jianihium 
Cocoa,  Oieot 

-butto-,  G29 

-nut,  C'tieot  nHcifera 
Coca,  M?!,  '472,  473 
CifMS  lapidea,  gumtliil^P'"^  ^^' 
Codeiii,206     '^        ^^~     —^ 
04i<im,  828  .,, 
Cvddi/igyne,  457  ''adveutJtiouB  shoots,  279 
fodospfrinfae,  549,^ 
Cceaobio,  322 
0<ffa,  *588,  689  ;  attacked  by  HemUeia, 


Coffein 


367. 


n,  206,  539 


VutroafiiBium,  867 

Oillema,  376 

(HUnchgma,  '78, 108,  111,  327 

ment  of,  '170,  237,  266 
Colleters,'tOO 
Caioaisia,  193 
Colophoniuni,  443; ~^  , 
Colouriug  matter,  48,  74,  92,  1 
Coltsfoot,  Tnsiilago 
Columbine,  AtfitUegia 
Columella,  My^mnj/cetei 

Bryopbytes,  384,  392,  393 
CuliimHi/rTaf,  527 
Colia,  Bmsaica  Rapa  foleifenti 
OmaruoL,  *5S3  -/^ 

Comfrey,  S!/lrlphl/tl^ 
Cammetinaceae.  47 
Chiumiphm^  53,%5o 


CoiDpoulon  cells,  102,  133 

Compasa  plants,  294 

C'nipoaUae,    •696,     596 ;    'innlin,     74  ; 

aiicculentsUm!i,194  ;  Btamiual  leaves, 

•274  ;  attacked  bj  (WBW/wriuw,  307 
Coiu|>ouud  lear,  30 
Conceptacles,  332 
Cone,  vegetative,  '18 
Qm/errmdeae,  322 
Conrocal  {lambolas,  160 
Congo  red,  SO 

CnaiJia,  342.  350  ;  fhicUfication,  '366 
Conidiopbores,  342,  •363.  "366 
Uonifitve,  438,  *439,  •440,  *411,  *442  ; 
/    foliage,  29 ;  roots,  41 ;  yoang  plants. 
:     47  ;  sieve-plates,  84  ;  resin-ilucts,  88. 
'      125,  '126;   bast,   132;  cypresa-like, 

194;  mycoirliUa,  21 0  ;   germination, 

294 
Coniferin,  74,  206  ;  wooil.  80 
ConiiD,  206 

O-nfum,  '548,  *64S-E50 
Clinjugalae.  281,  316,  317.  319 
Coujagntiou,  3 IS.  316 
Connate  leaves.  30 
Conneetive,  *447 
Conaortium.  of  lichenN,  375 
Constituents  of  plant  bod  f,  1 71 
Contact  stimuli,  264 
Continuity  of  embryonic  tubstal 

240  ' — v/^--*-^ 

Coyioaof^  67/ 
-Contorteii  1%;tTes,  37 
ContrflcUIe  vacaole,  50 
Conraltaria,  466,  468 
(Um-eolriilatfu,  577 
ConTulmlv,,  *577  ;  coils.  261 
Co-operation  of  living  cells,  188 
Copaifera,  668 
Copper  in  plautn,  172 
Coprin,u,,  369 
Om,  377.  380,  '381 
Corallin.  80 
'hraUiita,  337 
Corattianceae,  335 
CorgltiorrkiiB,  489  ;  rbiiome,  28  ; 

43  ;  saprophytic,  210 
Cordla,  214 

Oinlyixpt,  358 
CnrdyliHt,  '139 
tWiaiidratii,  '546,  649,  550 
Cork,  *48,  •189. 140,  144 

oak,  Qaema  ttiber 
Cormopbytes,  14.  44,  59 


.  14 


■*71. 


Com. 

of,  278 
IJurKaxtae,  644.  646 
Corn-cockle,  Agrotta 


.  bid,  ■ 


.^ooglc'i^ 


Cto-nrw.  238,  '544,  545 

Corolls.  416,  *44S,  *451 

ComUlion  of  growth,  226 

Cortex,  109  ;  CascMillae,  543  ;  Cinohouaa, 

589  ;  Ciuuunomi,  517  ;  ConduruiKo. 

Ci76  ;   FraDgulu.  539 :  Fructiig  Am- 

outlE,  535  ;  Granati.   564  ;   LimoDia, 

G3G  ;  Quercun,   498  ;  QuillaJBe,   556  ; 

Qucbrarho.  575  ;  Rbamui  Piinhiaaae. 

539 ;  Salicia,  495 
CortifBl  ^ay^  135 ;  layers  of  b;plue.  377  : 

pores,  lee  Lenticeli 
CofydalU,  '520 
Cofjilm.  498,  '487 
Coiymb,  461 

OwwariuB'.  '317  I 

Cotton.  631  I 

-plant,  OiiMypivm 
Cotyleilons,  *45.  46,  295,  •456,  "457 
Cowslip,  Primvia  i 

Cow-whoat,  M^auipyrHm  ' 

Crambe,  519  | 

CraoesbUl,  Otranuim  \ 

UroMiUa,  551 
Craiaulaetar.  550 
C'rrUtugiui,  554,  555  :  thonis.  26  ;  colour 

ing  matter,  58  ;  leaves,  190,  '191 
Crenalf  leave.-.  30 
CrfiiolhH.T,  31 1 
Crepi'i  598 
Cress,  Bitt>-^^f,ftlfflnM?7>^anleu,  Lep) 

'"V^lirvai :    InJian^^^iw^^IIi!;"'.' 

Venn's,     TMaspi :     Riy^r^A  mftisV. 
>Water.  yaili'rliHmoficiMiJt ;  Winter, 

rubraria,  '301 

CrMUs.  469,  470  ;  tttber,  23 

Vronartium,  367 

t,VD("n,  543 

Crowljerry,  Black,  Em}i<traia  nigrvM 

(.iwH-foot,  RaiiuncuiUK 

Croivn  Imperial,  Cticvmit  mtimt 

Criieibulum,  *371 

Crud/erar,  '518  ;  murilage,  81,  293 

Cryptogams,  300,  301  ;  vaacnlar,  397 

{■rTptosporeB,  *S56 

f'..6dm,  504 

Cucumber,  Cnaiiiiif 

Cvciii 


Currant,  Siba 

Cnrvatiire,   242,   246 ;   growth-, 
gTASS-baalms,  262 


8,594 


re  of  seecl-tovering*. 


nirbUa,  *5S2,  594  ; 

light,  235  ;  ruptin 

295  ;  pollen-grain. 
CiKHrbaaceae,    598  ;    bundles,    104  ; 

drils,  "266 
(luilweed,  Giiaphalium ' 
(luphea,  «eii,  293 
C-upraioidtof.  132,  440 
avprmiHi,  438,  440 
Cvpiili/enw,  495  ;  Mgarrrhisn,  210 
Cumre,  574 
Cvnumi  Zttloaria,  486 


,  677  ;  reduction  in  leaves, 
25;    roots,    41,    43  ;  hausloria,  22.'!; 
movement,  241 ;  lendrik,  267 
Cuticle.  90,  P2 
Cutiu,  80 
Cntinisation,  80 
CiilUria,  831 
CuOeriaceae,  S31 
Cyanophyetat,  306,  308 
CyatlMU,  400 
Cgatkraceat,  400,  404 
Cyatkium,  '540,  542 
Oyatitactat,  437  ;  tbickeniiig,  137 
Gycmlinm,  213,  437 
Vyais,  308,  437 

(yy'lnmta,  '670,  571  ;  stem,  28 
CsHanthacttx,  475 
Cyole,  40 
Cv^Uc  flowers,  451 
l^donia,  81,  554,  555 
'^ymoae  infloresoences,  461,  *462 

Seolymia,  598 
'CymiTfae.  59S 

Cynips  galls,  155,  499 

Cynodim,  480 

Cyptraceat,  476  ;  haulm    28  :  slieatb,  32 

CyperH;  ill,  478 

Q'press,  Caiirrgmt 

cijiripaiiw. 

"  ulids,  -" 


i^Bitids,  368 


US.  377 
Cystoliths,  *78  ; 

bonate,  81 
Cy»top«»,  345 
Cytieus,  *561,  562 
Cytopli 


callose,  SO  ;  calcium  ci 


■49,  ( 


Tl-L/Jf,  480 
IHihtia     TorinbUit,     598 :     tubers.     42 : 

inulin,  74 
Dandelion,  Tar«MKina%^ 
Ihx^ne,  '539 
IJarliiigtoiiui.  216 
Date-jialm,  I'hofnU 
^ttvra,  193,  'BBl,  5S2   , 
r"CH«,  547,  549  ;  colouring  matter,  *5S. 
59  ;  cauG-sugar,  74 
Uead- nettle,  Lamiam 

urrent  leaves,  30 
Dehiscence,  459 
Delrjsrria,  335 
Dtliikiuiiin ,  511,  514  ;  cotyledons.  295  : 

fructification,.  4.'>0 
DtmaHtium,  3 
DoDtate  leaves,  30 
Derivative  hybrids, 
Dermatogen,  160 


^ 


Google 


Dorsiventra 

plants,  16,  114;  shoots.  40  ; 

J>tmno<il«iiL,  MX  ;  movements,  270 

organs. 

251,  264  ;  geotropism,  258 

Desiccation,  17B 

/>™io,  51" 

Dentzia,  662 

ing.  1 

Dextrin  from  aUrcb,  70 

Deitrorse  stem-cliiDber,  -261 

Dropwort, 

DiBgeotropism,  258 

i™fm,5: 

DialypetnlouB,  DislyBepslous,  446 

Iriamlnif,  488 

Drupe,  46 

}Ha,Uha>,  508 

Duckweed 

I>urameo, 

fungi,  212 

Duration  ( 

]>iatm,ieae,  312 ;  form,  '11  ;  silicon,  175.; 

Dyers  wei 

movemeuts,  244 

Diatomin,  313 

EARtn-STJ 

JidunrUi. 

hiantni,  i2I 

Jiehiu>»,  * 

Iiiehtv^um.  "461,  '482 

Dlchopuny,  285 

Eel-grass, 

Dichotomy.  17,  148 

Egg,  e«,  • 

Kclinoas  fiowers,  s«  Unisemul 

ceils. 

DMvUd'mtt,  4»0 ;  iier«.tnre.31 ;  bundles, 

jaaeagnar. 

104,  105,  111,  112,  117 

Elaau,n«» 

JtkCamnus.  88,  100,  "101 

Ji/zieii  gvi 

IMynnaAo,  380 

Elojihomyi 

Viclvli'.  32B,  334  ;  form,  '13.  14  ;  cell*. 

Elasticity 

•148 

Elatera,  2, 

£ltitinafea 

DilfereBtiation,  16S 

Jilaline.  5 

Digenetic,  aa  Sexail  repToduetiou 

Elder.  .*» 

Digitalin,  205 

Ellslrotroi 

/>i!,a.,i;s,  •583,  -684 

Dill,  A»elh«m 

£f(m,-,  5S. 

Elettaru^, 

Itliu^ngfllatof.  315 

Elm,  Umt 

DicecioDS  plants,  285,  428 

Kbxlm,  24 
^ongation 

/>iOH«(H,  '215,  2ie 

liiofciwraefar,  470 

Embryo,  4 

lliogpttrinue,  66EI 

Embryoloj 

Eml)ryouic 

subatanc 

E.»yyupl.i 

I/ipaanrcaie,  594 

yama, 

Jiipiaciia.  685 

Emergence 

If-ptfra,  155 

Eaipctrace. 

liipterocarpaefoe,  625 

Empirical  ■ 

Dir^t  division,  'BS 

E,»piaa,  3 

Di«  of  Hower.  '451 

Emulslii,  2 

£«BnliM« 

DiiKotifhrHes,  378 

ItUc-mycetei,  351,  358,  378 

Endive,  Ci 

Diaseminntion  of  seeds,  291 

/Eudocarp, 
Endoearjx. 

DiverReBce,  39                                    / 

EndwJiron 

Divided  leaves,  30                                / 

E'.dodenni 

Dock,  R,„«^.^                                    J 

Dogwood,  f'^D<r«                            / 

Kflopkyll 

If^iehm,  562                               / 

Kiidosperu 

D.:(..,a.  546,  :,50                   y 

437 

D,j.,.db,Googlc 


Endoeporee  of  the   Wcteria,   309  ;  of  tilt 

fnugi,  S42 
EnhaJus,  283 
EntomophU)',  2S3 

Enzymes,  203 

Ephedra,  444  ;  cells,  65,  *SS  ;  v»<s«ls.  125 

Ephtmenmi,  '395 

Epidermis. 90,  *92,  "93,  '94,  'IID 

Epigsaii,  4SS 

EjiigynouB  flowers,  450,  '451 

Epilobium,  6S3 

Epitiifdiuai,  fil6 

EpiiiaiCy,  249,  264 

Epipadu,  489  ;  cell  dirision,  *63 

Epiphgllirm.  *526 

^iphytes,  214  ;  lerial  rootx.  43 

Epipog<r»,  4?9 

Epithfinia,  *314 

EquiiitiHae,  400,  412  ;  cutiule,  90 

Egvuetum,  *4]2,  413,  *414,  *415  ;  silka. 

82,  176;   buDdl«».   105,  111,  '117; 

cells,  •149,  *150  :  spores,  225 
Ergot,  fungus  of,  Clainrfps  pUTpUTta 
Enai,  568 
Eriaiceae.  'M9  ;  nttncked  by  Ej^ibosidia. 

3^9 ;  Myeorrhisa,  210 
ErKixOt.  567 
Eiicoideae,  568 
En'amiH,  598 
ErvKoulimar,  470 
E-riophar. 

Erodium,  532 ;  arum 
I.  519 

Ethereal  Vi  7ii;  83,  206 

Eiicalyptun,     565  ;     htterophylly,     31  ; 

stability,  135 
Kudieuma,  337 
Emlariim,  319 
Eugenia,  *S64,  565 
Einiiymta,  340 
Ei'i^lofiffie,  598 
Ei'pai.-riiiM,  598 
Ei'phnriia,    '540,    "541-543;     snccalent 

stems,  *1B5  ;  siAiUen  Htema,  25 
EuphotHaceBt,  540 ;  rvsin,  73  ;  latei  tubes, 

83  ;  succulent  stems,  25,  194,  '195 
Euphorbiuni,  S43 
Evpkraria.  210.  583 
Eiirabiam.  "$53 
EmporaHgiaiae,  404 
Evening  Primrose,  OmoUifiii 
Everlasling  Cafs-foot.  AHtfaaarm 
Etangmvs,  537,  '588  ;  vegetative  cone,  28 
Eiine,  in  mosses,   383  ;   lu   Pl*riilophyU'S, 

399  ;  in  pollen  grains  430 
EynoKut,  351,  •362 
EMiMtidia,  "309 
Esocnrp,  459 
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Eiodennis  113 
Eiogenous  shoots,  20 
Etoxpores,  342 
Eiotropisni,  2S8 
Extra  Horal  at' 


Faooidbas,  496 

FayopgniiB,  506 

Fagit.  •494,  496;  leaves,  •IIS,  116; 
wood,  124 

Fajse-llai,  CoBuliHa  Kilira 

Fascicular  cambium,  121 

FaEs,  72,  220 

Fennel,  Fnriiictilam 

FemienlB,  203,  206,  215;  in  the  proto- 
plasm, 54 

Ferns,  Filiea  :  leaves,  29, 143  ;  shoots,  40  ; 
vessels,  85 ;  epidermal  cells,  91  : 
■cale-hsirs,  '98 ;  vascular  bundles. 
105  ;  green  pigments,  198  ;  phos- 
phorescence. 223  ;  spemialoioids,  243 ; 
apoganiy,  279  ;  alternation  of  genera- 
tion, 290 

FeHilisaUon.  44,  281  ;  self  ajiil  cross. 
234  ;  legitimate  uid  illegitiiuatc,  286 ; 
of  Phalte^c«am^  66,  '67,  431  ;  of 
Qymnosperms,  435  ;  of  Angiosperms, 
454.  455 

Fenda,  560 

194.  '479 


Fat 


'.480 


Fibres.  82.  128,  127 
Fibrous  c«I1b.  126.  127. 

'    Bids,  127 
Fibro-TBsculat  bundles,  get  Bandies 
Fkim,  *501  ;   root-supporta,   41  ;   cysto- 

lith,  '77.  '78,  81  ;   epidermis,  100  ; 

tissues,  128  :  alipidaia,  264  ;  titaliea. 

32  ;   indicus,  43 ;    cariea,   8S.  206  ; 

bengaleaai'.  501 
Field  Madder,  SAerardia 
Fig,  Fic>i:< 

Figwort,  Sci-ophii/iiria 
Filament,  ^447 
"    !S,  400 


Fi/ici 


I.  400 


Coogic 


Floreti,  Antheniidie,  599  ;  AmEcae,  599  ; 
Cinue,  S99  ;  Koso.  556  ;  Lav&atluUe, 
587 ;  MalTsa,  631  ;  Bomb.  5B6 ; 
Sambnci,  690  ;  Tiliae,  528  ;  Verbatci, 
583 

Ftoridta/,  334 

Flower,  *33,  428 ;  anaDgeinent  of,  S7. 
451  ;  of  the  GymaOHpenns,  *434. 
■436.  *43B,  *439,  *440 ;  of  tbe 
Angimpemis,  415 ;  morphology  of, 
445  ;  Kymmetr)'.  453 

Flowering  planta.  J'/ianerogamia 

Fluorescence  of  the  chlorophylls,  57,  223 

Fluorine  in  pUntx,  172 

Fly  Muehrooni,  AiiumUa 

Fi'enictUiim,  '516,  549,  650 ;  ovnry,  *450 

Folds  of  epidermis,  92,  *170 

Folia  Allheeae,  531;  Aarantii,  535; 
fleliadonnfte,  582 ;  Coca,  633  ;  Digi- 
talis, 583 ;  Farlante,  599  ;  Jalioraudi, 
635  ;  Jaglaadis.  499  ;  Laurocerasi, 
656;  Malvae,  631;  Meliasae,  687; 
Menthae  crispae,  587  ;  Menthae  pip- 
■    6,587;  Koa        ■   ■   -—      --  ■   ■ 


6S7; 


Alex 


,    659; 


velly,   534 

582  i   Tabaei,  682  ;   Taraiaci,   59B  ; 

Theee,    625  ;    Trifolii    fibiini.   575  ; 

Uvao  Urei,  569 
Foliage  leaves,  28,  34  ;  shoota,  23 
Follicle,  469 
FoalhialU,  394 

Food,  plant,  constitnenta  of,  172 
Foot  of  Pteridophjtes,  398 
Forget-me-not,  Myoaotia 
Formic  acid  in  insectivorous  plants,  215 
KormnliB,  floral,  464 
Foraglhia,  673 
Foxglove,  DigilalU 
Fox-(irapf,   VitU  Li/bnisca 
Fmgaria,  664  ;  runners,  24,  278 
Frogmen  Ution,  62 
Fnmffnlinae,  537 
Fninkineense,  635 
Fraxiaus.  ■672-574  ;  lenticels,  142 
Free  cell- formation,  65 

leaves,  37  ;  movement,  260 
Fritillaria,  463  ;  leaves,  38  ;  nnclcus,  "56 
Frog's- bit,  HydnKharvi 
Frost,  vtfeet  on  foliage,  238,  240 
Fructus  Aniai.  560  ;   Aurantii  immatnri, 

535  ;  Capsici,  582  ;  Cardamotni.  486  ; 

Can-i.  550  ;  Coriandri.  550  ;  Foeni- 

culi.  550  ;  Juniperi.  442  ;  Lauri,  517  ; 

Papaverte  iiiimBtur),    622 ;    Rbamnl 

Catharticae,  530  ;  Vantllae,  490 
Fniit,  459,  460 ;  epidermis,  101  ;  torr-ions. 

248,  262  ;  Gtraaiaceaf.  293  ;  defini- 
I    tion   of,   433  ;    Gymnosperms   437  ; 

formation  of,  460 
Ffallania,  389  ;  watir-Bacs,  195 


Fiichsia,  •663 

Fuca»,  '330,  *831,  '332,  337 

Fviigo,  804 

Fuinaria,  520 

Fvinariactae,  520 

Funaria.    *383.    394;     leaf-cells,     '56; 

chlorophyll  graius,  '68 
Fuodamental  tissue  ayetem,  107 
Fungi,  341  9717. ;  tissues,  86  ;    phylogeny, 

145  ;   food,   172  ;    exudation,   198  ; 

phosphorescence.    223  ;    algal,   343  ; 

mould,  347 
Fungus,  of  Ergot,  Clavicepi  puTpiirrrt 
animals,  Mi/xomycttei 
chirurgoruni,  370,  373 
Funiculus,  *430 
Futitui,   adventitious  shoot,   '279 ;   egg- 

appnratus.  '456 
Fusion,  cell-.  83 

GALA.VTHU3,  469 

(iulbanmn,  650 
Galeymdeaf,  661 
Gale^psiK.  *587 

Oalxiim.   589 ;    stipules.    82  ;    1 
•262 


Oaltonla,  *190 

Gamehuigio,  318,  319,  331 

Gametes,  66,  281 

Gametophyte,  397 

GaiuopetaloUH,  Gamosepalouii,  4 

Gamoslele,  111,  '112 

Garciniii,  524,  525 

Ganlen  Cress,  tee  Cress 
Orpine.  SedvHi  TeUphitnii 

Gardenia,  689 

Garlic,  Allium  nUisrua 

Gases,  movement  of,  in  plants,  : 

OasttromyreUa.  145,  363,  373 

GaaUr,  374 

Gemmae.  22 

Geueratious,  olteruation  of,  4' 
Qganiotfiermae,  289  ;  of 
p!iyl«s.  383 ;  Pteriilophyte 


Geneti 


spiral 


Qtaiita.  194.  561 
QeiUiana,  '573,  575 
Gentianaceae-,  574 
Geotropism,  255  el  m 
OemnlaKae,  632 

Germ,  see  Einljrj'o 


wheat,  Triticiifii  &pdia 


.,  Google 


Oigattiiia,  •335,  337 
Ginger,  486 

Wild,  Aaarum 
Qingko,  443 
Qiadiolvs,  489 
Glands,  99 
Glandular  hairs,  *97 
scale,  *B7 
colleter,  'SS.  100 
Gleba,  S73 
OledUHna,  G87 
'  OUditathia,     S59  ;    bnda,    10  ;    thomn, 

•28 
Globoids,  70,  *7! 
OUibulaTiaceat,  S8G 
(Jloeocapsa,  10,  •ll,  44,  147 
0/oeolrkhia,  'Ml,  808 
Glonierulua,  336 
Olaxinia,  6S4 
.  GlucoBc,  74.  203 
Qluines.  478 
GlawiJUn-at,  475 

Glatamia,  203  ;  in  the  protoplasm,  54 
Glycogen,  73 
iliycyrrhiM,  582 
GixaphidiKm,  508 
llnelaaat,  4S4,  443  ;  vesseU,  85 
antiinat,  443 

On^vm,  443,  444  ;  thiulieuing,  137 
Golden- rod,  Solidago 
OoHgora,  489 
Ooaidia,  Licbenn,  377 
Gonimoblast,  337 
OoHolobuB  c^nduranpOy  576 
Gooseberry,  SAts  Qnisgtiiaria 
GiBMefoot,  Chea/iptidiuM 
floirypinm,  530,  *531  ;  aerd'tuiiri,  •SO 
OTOcilaria,  337 
Grafting,  *228,  229 
OmuiiROM.  478  :  growth.  21  ;  haidma,  28, 

Sf,  262 ;  sheath,  *3I,  32  ;  silica.  82. 

175  ;  epidermis,  90,  91  ;   root,  152  : 

growth,    231  ;      genuinatlon,    293  ; 

attacked  bj  fangi,  360,  366,  367 
Grass,  Arrow-,  TriglochiH 
Knot-,  PolygQHVH 
8curvy-.  Oochlearia  efficinalia 
Viper's,  Scorzotiera  hispanita 
Whitlow-,  Droha 
-Wrack,  Znitera 
Qrassvs,  see  Oramiaeae 
OToliota.  583 

Gravity,  effect  of,  on  plants,  181,  255 
Green  Algae  (ate  Chiompkyaae) 
Gromwell,  Lithnspennvm 
Ground -ivy,  Ottcltomm 
Groundsel,  Sentcio 
Growing  point,  148 
Growth,   228  aqq. ;   periods  of.  27,  230  ; 

of  cell-wall,  75,  78,  79  ;  by  intusaue- 

ccption,  79,  231  ;  indepeiideut,  159  ; 


external   influences  on,  235  ;   cnrra- 

tures,  S4S 
OruiHoUi,  531 
Guard -eel  la,  93 
GaaTa,  Fsidium 
Guelder-rose,  Vibttrnvm 
Onm,    81  ;  in    intercellulars,    S8  ;    arable, 

88,    658  ;    resins,    126,    206  ;    traga- 

canth,  682 
Gummoais,  81 
ffunnem.  111,  308 
Gutta-percha,  73,  206,  569 
Outti,  626 
Oymtiadtnia,  489 
QymnoeUidua,  accessory  shoots,  1 9 
Gymnodinium,  315 
Gymnogrunme,  91 
(Jymnoipermiu,   434  ;  bnndles,   103,    105, 

114,  117  ;  alUrnation  of  generations, 

239 
(7yj«iH«7w™njiuin,  367 
Uymmatomum,  239 
Oymmdrat,  187 
Gynceciuni,  •428,  '448,  *451 
Gynophore,  625.  547 
Gynostemium,  487 

HABrr  OF  FU.NT9,  27,  237 
Hadrome,  tu  Tracheal  portion 
HtBmatoiylii),  125 
Haematnrgltm,  124,  559 
Haemodorocme,  470 
Hagtnia,  *552,  554,  558 
Hair-bell,  Campanula 
Hairs,  ttt  Triehooiei 


Haliiragidaceae,  563 
/fnmaiiielidaaaf,  552 
Haplocaulescent,  n«  Uniaxial 
Haplostemonous  flowers,  453 
Hart's-TongUB  Fern,  Scolopeiulritiiic 
Hanstoria,  43,  •208 
Hawhbit,  LbiiUikIim 
Hawk's-beard,  Crtpis 
Hawkwaed,  Hieracivm 
Haail-nut,  Coryliia 
Heart's -ease.  Viola 
Heartwood,  124 

Heat  produced  liy  respiration,  220 
Heath,  Erica 

Heda-a  Helix,  '545  ;  wood,  126 
Hedge-Hj-saop.  OnUiola 

■  Mustard,  SisymbrivBi 

-Mettle,  Slachy 
Htdyaaroitltat.  561 
Halysarujit,    561  ;     movement   of    lea 

236 
Heli<i«(h(tie,  6S8 
Heliantbemnm,  *523 
Sflianlhus,  168.  598  ;  t-uberonu,  24 
HetichTymm,  598.  598 


.,  Coogic 


Helicoid  Cyme,  we  Bostryi 

Heliolactiu  movenienU,  243 

Hctiatrapimn,  251,  252 

Itdiotropinm,  578 

Hellebore,  Black  (Christniaa  Rose),  Mdle- 
borua  ni^er 
Green,  Hilldxyrat  viruils 

HtUebonu,  511,  •512,  514  ;  atoms,  190 

IMMne,  482 

Hdvdla,  360 

Hdveiuiceae,  359 

Hemeroadluifvlra,  *429 

Jlemiaaci,  342,  349 

Iltmihaiidii,  342,  SSO 

HrmSeia,  367 

Hemlock,  Cimiun 
PoJHon-,  Omium  sitKalalHin 
Wster-,  Cieiita  virom 

Hemp,  C'lBTiabis 
■nettle,  Oaleopsw 

Itepaticae,  308,  881,  384,  3S6 ;  form,  14  ; 
phylogBDy,  146 

BeraeleuM,  547,  549 

Herbs  Abjiuthii,  599 ;  CanimblB,  503  : 
Cnnlui  Bcuedicti,  599  ;  Centaurli, 
576  ;  Cochleariae.  520  ;  Couii,  550 ; 
Qflleopsidls.  587  ;  Hyoscyami,  582  ; 
linguae  cervinae,  402  ;  Lobelifte,  593  ; 
Meliloti.  502 ;  Millerolii,  599  ;  Ori- 
gani,  687  ;  RoMuarlni.  668  ;  Sabinae, 
442 1  Serphylli,  687 ;  Spilanthls, 
599  ;  Tbymi,  587  ;  Violas  Iricoloris, 

Herb  Paris.  Piirig  qmulri/olia 
Hercogaihy,  287 
Herniapbnxlite,  2S4,  428 
llfrniaria,  608 
Hesperi'lin,  74 
Hetvrobaiiiiliou,  371 
HeterecyBbi,  307 
Hetereeeious  Urrilineat.  366 
Ueleromeroas  thalli,  377 
Het«i-0!<porDus  I'teridoplii/la,  399 

Phanerogams,  427 
Heterostylv,  286 
Hevea.  543 
Hibbertia,  261 
HibUcaw.  349,  530 
IttenuiaiH,  698 
HUdtbramUia.  ZM 
HimatOhatia,  332 
Himantidiutti,  *314 
Hippamane,  S43 
Jti/ipopluig,  540 
llippiirii.  236,  256,  663  ;  vegetative  point, 

•160 
Holc«i,  480 
Holly,  Ila 

Hollyhock,  Allkitea  rosea 
Homoiomeroua  thalli,  376 
Homoiporous  Fteriilophyta,  399 


HoDenty,  Lnnaria 
Honeydew,  ClarUtpt  parpurra 
Honey -locust,  HUdilichia 
Honeyauckle,  Loaicera 

Bush,  Weigelia 
Hop,  Humviiu 
Hopfa,  625 


6,480 
I,  480,  4 


1,  152 


Hormogonia,  3i 
Hornbeam,  Carpiav* 

Horn  wort,  CrratophyUum 
Hone-chesCmit,  At»e>d*i^ 

-nuliah,  Go^iUaria  Arjiioraclit 

-tuls,  JSguiMlinae 
Hrata,  ge«  F<i»Ma 
Hoaseleek,  Sanperelvum  iectomm 
Humming- birds,  rertilliwtion  by,  284 
HumutHs,    '502,   603 ;    glandular  scales, 

•97.  99 
HumiiB  acidx,  183 

theory,  196 
H«ra  ertjHlaru.  293,  541 
Hyacialkus,  466 
Hyaloplasm,  61 
Hybridisation,  287 
UydathodeH,  91,  99 
Hj/dntae.  370 


Uydnv 


•370 


Hydra,  213,  320 

"    ■         ea.  552 
9,514 


Hydfocharie,  286,  245,  488 

Hydmchnritaaae,  483 

Hydroaitgle,  5491 

Hyiltogeu,  171-173 

I/ytlralttpaihuin,  145,  335  ;  form,  "13 

HydropUlous  planbi,  282 

J/ndrcyikyllaceat,  578 

Hydniplerideiu,  400;  altematiou  ofgener 

tioua,  406 
Hyilrotropiam,  263,  281 
Hj-groscopic  curvatures,  •247,  283 
Hyloamium,  394 
Hymenium,  343 
Jlymenogaitreae,  373 
Hymenal idititti,,  378,  380 
Uymcmmycfla,  145,  383,  364,  378 
Hj/mtnophyllaceae,  404 
I/ynxyami/s,  "432,  *447,  '581,  582 
Hypemum,  517.  520 
Hgp^riaicrat,  524 
Jlyperkum,  •521 
Hyphae.  S41  ;  raultlnuclear,  60 
Hyphioityrrte',  840 
Hypaum,  394,  •396 
Hyi»cotyl,  '45,  46,  294 
Hypo.lernia,  HI,  170 
Hypc^an.  458 
Hypogj-nous  flowem,  450,  *451 


>.jC>OgIc 
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HypoMaty,  249 

Jewel-weed,  Impatiem 

Hypophysis,  -iSe,  467 

Jodas'-ear,  Avricularia 

Hyp<.th«ciam,  369 

Jttdas-tree,  CtreU 
J<yUndaeeat,  499 

JaglanM,  •498.  499 

IBEKIS.  619 

Ju,«xKX>M,  466  ;  baulm,  28 

IceUn-l  Mom,  Celraria 

JiinaigiTiactae,  483 

IilioWastd,  83,  "lOS 

Jun^s.  -465  ;  leafless,  25 

7/M,  B87 

Jaagermanninetae.  389.  390 

liliciu^,  615  ;  etlierefll  oil,  73 

/«Hi>fm«,*439,*142;  leaves. 47;  attacked 

Imbibition,  177,  188,  247 

Imbricated  leaves,  37 

ImpatitHt,  633  ;   oollenchynm,  *77  ;  epi- 

Kalb,  Cramie 

dOTmis,    '92 ;    vesMcIa,    101,    ■107; 

Kamala.  643 

hU^mx,  187 

Karyokinesis,  80,  -81 

tncise<l  leaves,  30 

Kelp.  334 

KerHa,5K 

Imlia-rubber  plant,  Ficna  elailiai 

KUinia  aHiaOaia,  194 

IiKligo,  682 

KtiDosUt,  263 

Individual  variatioQs.  154 

Inctuflium,  402 

Kmtuiia.  695 

Kuot-GraM.  PutynoiiKia 

InrnictaBcence,  460 

Kohl-rabi  beails,  373 

Infumna,  31!0 

Kola  nnto,  '529 

Initial  layer,  121 

Kmmrria,  559 

Insectivorous  plants,  208.  213-al8 

Insects,  fertilinatiou  by,  284 

Labei.ldh,  485,  187 

Intepimeiits,  431 

LabUOof,  585.  '586  ;  nodes.  21 

Intercalary  trrontb,  21 

labiatiJfoTM,  585.  598 

Intercellular.,   87  ;   air  space,  87.   'lOS, 

Laburnum,  Oglimia 

-221  ;  iysigenic.  88  ;  secretion,   100  : 

Lachita,  apotheciuni.  "359 

medullar)-  rays,  184  ;  passages,  222 

laclariu^,  372,  373 

L«cluai.  '689,  699 ;  sap,  S4  ;  Smriola.  254 

Lactucariuni.  599 

Intemodes.  20 

Umina,29 

Inline.  430  ;  of  the  Pteriilophytes,  309 

LamvMHa.  145,  •329,  334 

Intramolecular  rcipiration,   219 ;    in   fer- 

Lamiiariocfae,  329,  334 

lAtmium,  -eeS,  587 

Introise  aiitliew,  447 

Ui^,  *595,  5B8.  599 

Larch.  Latic 

/uufo,  597-599 

Larix,  440 

Inulin.  74 

Larkspur,  Dflphi»i«m 

luvertiD,  203  ;  Id  the  protoplasm,  54 

Lateral  gootropism,  258 

loiliue  in  plants.  172.  'ISa.  334 

roots.  42 

Ijieaumaaha,  228 

Utcx  cells.  83.  84 

Ipomofo,  677  ;  free  coils.  "260 

Lathniea,  684  ;  albumen  crystals.  71 

li-iaiiea.  root-thoma,  43 

Lalkyrus,  681  ;  leaf-tendrils,  36.  '36 

IrvhtcfOf.  *4ti9  ;  diaKram,  38,  *39,  489 

Lavdalra,  380 

Iriclescence,  2B3 

Lavnuxiie.  516 

Laurel,  Laiiitit 

Iron  in  pUnIs,  172.  174,  220 

Laiirwi,  517 !  ethereal  oU.  73 

Irritability,    mavenient^    of.    »ft  Turgor, 

UraiuMu,  587 

changes  of 

Lamtrra.  530 

ImtU,  519 

Lavender,  Lava-ndvln 

/*v(«,  415.  416.  "422  :  .lesicoatiou,  179 

Lea.1  in  plants,  172 

Isogamy,  318 

-cusbioti    {ite.  PulviHus)  ;    -scare/  34  ; 

Jahioss,  692 

tendrils,  35  ;  tissoe,  113  ;  floral,  114  ; 

Jo»mm,nn.  673 

foliage,  115;  traces.  116       , 

Jtatorhini.  516 

Leaves,    arrangement,    87  ;    felling.    143 ; 

..Coot^Ic 


Ledmii,  568 
Legume,  4GE> 
Z,^tinM'niiM«,  556;  leaf-cnihion,  30 ;  wood, 

12B,   130;  symbioais  with  bacteria, 

173,  200,  210  ;  movements  ot,  269 
Lninnta,  334 
Umna.  308,  *475  ;  roots,  41 ;  luorement, 

216.  "246 
Lemnaetat,  475 
LemOD,  Citnia  Liinoiivui 
LeatievU,  '142,  222 
LtfKttrpna,  304,  •305 
/jeoiUi-don,  598  ;  flower,  *2fl8 
/-T^iiVm,  519 

L^Uialeiidrette,  422  ;  tliickening,  120 
Lepiiltatrobvt.  423 
Ltpitda,  S72 

Lvploiiie  (nte  Sieve-tube  portion) 
Leptosporangiste  Feraa.  404 
Ij-plothrLe.  *11,  "309.  312 
Ussnuia,  330 
Lettuce,  lAictticit 
LeucadendroA,  194 
Leiicia,  203 
Leat^JfrgiiK,  391 
LnaoJHm,  *468,  469 
i>iiron.«(„r,  309,  311,  *312 
LeutoplMlB,  56,  59,  'eft 
Lecialicvm,  54P,  550 
I.iaueB,  veiwels,  85  ;  medullary  rays,  130  ; 

thickening,  '137,  "138 
Lihrirortn  Hbres,  127 
Lichen  islaniUirus,  *3T9,  381 
Licheiiai,  375  ;  calloae  in,  80  ;  gifniiocaijii. 

378  ;  angioaiipi,  380 
Licorice,  562 

Life,  doration  of,  237,  238 
Light,   JDliiience   on   growth.    163,   *I99, 

•200,  234.  267  ;  heliotropism,  252 
LignEfled  cell-walls,  SO 
Ligiium     Haematoiyli,     559  ;     Jiiniperi, 

442  ;  QiioSMiae,  535  ;  SantolL  mbruui, 

662;  Ssssttfras,  517 
Uguie.    •SI,    476;   SrliyUrlla,    419;   of 

Imieta,  422 
I.iguliJItTar,  598 
Ligaalnim,  573 
Lilac,  .■ijfrlnga 
lMior«it,   466 ;   adventitious    buds,   IB ; 

diagram,  •SS  ;  raphidei,  ^72 
Lillijlimf,  '464 
Liliindtae,  466 
LUium,  *452,  486 
lily  of  the  Valley,  GottmUnrm 


Umi 


),  Tilia 


Lime  scales  ou  Saxifragex,  194 
Liaatrae.  632,  533 
Llnaria,  6R3  ;  l^mhnti- ria,  254  ;  germina- 
tion, 293 


Liuin,  56 
Linnam,  590 

Z.1HHH.  287.  '448,  *633 

Liquidambar,  652 

Liriodeadnnt,  5t5 

Lilhmpernium.  578 

LiChiuia  in  plaats,  172 

LitmuH,  378 

Live-for-ever,  Sednm  TelrpkiKiii 

Liverworts,  Hrpaiicae 

Lnataeeat,  526  :  stinging-hairx,  9 

Lobed  leaves,  30 

LiAelia,  593 

loMiamir,  693  ;  torsion,  258 

Loculieidal  dehiscence,  459 

Locoat,  IMiaia 

Lodicules,  479 

lA>dniaH,  164 


Limk. 


30 


;,  590 


Loosestrife,  LygiiiUKhia 

Spiked,  Lythnm 
L-'idi'^pfnnuia,  ■268 
LomiUhncmt,  210,  566 
Lorantkve,  567 


,  561 
•559,  591 


ravage;  LrrirtiaiM 
iMnaria,  519 
Lungwort,  I'lilmoHai-ia 


LupU 


I,  661 


Lupulin,  99,  206 

LupuIinuDi,  503 

Lanila,  465 

Lydinit,  608  ;  ritcarw,  92 

Lyaipfrdon,  292,  374 

LycopfTukum,  681 

LucnpadiaCBit,  400,  416;  bmncMng,  19; 
roots,  41;  buudlcs,  105;  vegetativi: 
cone,  151,  162  ;  alternation  of  genera- 
tion, 290 

Lycopodinat,  150,  400,  415 

ijKqporfiMwi,  •19,415,  '417,  *4I8;  garao- 
Btele,  111,  •112,  176 

Lvslgeuic  intereellularn,  88,  89 

LyM'iuichia,  571 

Lglhrneraf,  563 

Lylhnim,  664 


Maeraa|>arangia.  399.  409 


Mftcrosiiore 


of  Mngindln,  ■419,  •421 


^jOOglc 


^^ 
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M«iider,  Field,  Sherardia 

MeJullary  sheath.  123 

MagHoli^  515 , 

MftaadTt/Hm,  '508 

AfoAmiia,  51 S 

Mdanthoideat,  486 

Maize,  gea 

«rf<Mtom<.toc«M,  564 

Majaat/umuin.  466 

Mdica,  480 

Myoram,  Origanum 

i/-<JM«i,  '686,  587 

Malacophibm  plauts,  384 

Melon,  Wat«r,  OUrvUiu 

Malfo^mlltion^  156 

Mu>k,  (}ura«iit  Mdo 

Malic  Mid.  205  ;  in  Fenifc  243 

.Velo>ira.  '314 

MoUolat.  548 

MeiiibrauB,  protoplasmic,    51,   177  ;    cell- 

MbIIow,  High,  Jfaiva  aUvenlrii 

wall.  79  ;  partition  of,  '87  ;  growtli, 

Maritti.  Allhnea  offidmilui 

231 

Ro».  /rr«£>eHs 

J/enispermaww!,  516 

Mftlto»«.  203 

Metillut,  587 

Maltum,  482 

.Vensmnllifg.  575 

^Uo/™,  264.  *580.  581 

Maixitixae,  529.  *530 

Mercury  in  plants,  172 

MalrtM,  81.  5S0 

Merialem.  89.  90.  121 

-tfan-iraiWm.  581 

MenUiua,  371 

MBiigsiiese  in  [iIbuIs.  172 

Mestome  (Mr  Bundles,  primary  vaacular) 

Maugost*en,  Oarciiiia 

MeUboliem,  171,  206 

seedlings,  298 

forms,  15  ;  of  the  ihoot,  ,22  j  of  the 

.Vn«<*o/  vlilMmi,  618 

leaf,  28,  34 ;  through  enterpal  influ- 

Maiiiuc, Jlamk«e 

ences,  155 

Manna,  674     ' 

Metaphases,  62 

Manuite,  3S4 

Manubrium  or  tbe  Cftaraoroe,  339 

.m-^tria,  38S  ;  cells,  "149 

Maple.  AcfT 

Mierailfriat,  '317 

.Vara>Ua,  48B,.487 

Mamntactae.  488,  487 

212 

.ICamHio,  '404 

MicTOcyst,  308 

Micropyle,  ■430.  431 

MnrchanUa,  "S^I,  *392,  '386,  •387  ;  iu- 

Unal    stricture,     145;    reapiraUon, 

148.  226 

Microspores,  290,  399  ;  t,t  SalviHia.  ^409, 

'410  ;  of  fleJagiHella,  *420 

Mare's-tail,  HlppHrU 

Middle  lamella,  *76,  80,  39 

Marsh  Marigold.  (Mtha  patnsM, 

Midrib,  31 

MarsUia.    226,    ■407,    411  ;    movemenU. 

289 

Mar^iliacnu,  407.  411 

Milde-  fungi.  HrynphiiK 

Marigold.  CaUndtda 

Milfoil,  AchiUta 

MassQlaof  Jarfto,4]l 

Milkwort,  Polggtda 

Mssllehe,  535 

MaUhiola.  519  :  haiR,  '97 

Miimta,  658  ;  leaf,  30 :  desiccation.  179  ; 

Matricaria,  '595.  597-699 

niovemeuts.  270,  "272 

Mim,n«f^,  558 

Maydfaf,  480 
Mefldow-me,  ThallHn,«i 
-saffron,  C-Ulikam 

Mint,  Mentha 

Mechanical   cells,  83;  tisine,   188. '170; 

MirabUis,  609 

influence.  237,  336 

Mistletoe.  VacHW  aUmm 

Medicag:.  292.  294,  661 

Mitotic  division.  60 

Mediclt.  iledirago 

-Wnium.  880,  392.  *393  i  stem,  'Ul 

Medlar.  MemU-a 

Monandraf,  488 

Medulla,  109,  110 

Moneywort.  Lysimachia. 

Medullary  rays.  110.  121,  'ISe.  *127 

MonimiiKtat,  616 

"Cpoglc 


Monoblepharidiiieae,  844 

a/oiiobl^^rit.  '344 

Monochasinm,  161 

MonototyledoMS,    462,     *463 ;     venstioa, 

31  ;  bundJes,  lOS,  117  ;  thickening, 

138  y 

MoiicEcioUH  plants,  985  ;  flowers,  428 
Monogenetio  reprodnction,  275 
Monopodial  synUm,  17  ;  infloreeceace,  460 
MoQopodium,  17 
Moiiosymmetrieal  plants,  16,  4B3 
Monotf^ia,  589 
MoHOtryieac,  siiprophjrtic,  210 
^WuH»(era,  474  ;  leaf,  31 
Uonetrosities,  154 
MooDwort,  B/ilTychima 
Moncaae,  600 
MoriAtlla,  "851,  "859,  860 
Harel  fiingtiii,  Mcrrckella 
Morin,  126 
Morphiu,  206 

Morpholf^y,  external,  9  ;  interuol,  47 
JfoTK*.  501,  502 
Mosses,  Miiad 
Bog-.  Sj^tagiuKeae 
is-pUiilj,   383;   capsule,    334;   stem, 


,  64,   -65;  hsirs, 


390 
Movement,  power  of,  169  ;  phenon 

241  fqq. 
MucilHge-duots  of  Cj/cadinae,  437 
Mucilaginous  matter,  73.  88 

sheath,  293 
itucor,  *347,  '348,  •349 
Jiuciiiia,  wood,  '137 
Mulberry,  Mimu 
Mullein,   Vtriatcttin 
UutUcellulsT   formatit 


MultiplicBtioti,  275,  280 
Miua,  184  :  leaf,  31.;  seedless,  226 
MuwcGte,  484 
Muscardine,  358 
itiiacari,  466  :  birurcation.  19 
Miucartn,  206 

.W«m,  381,  885,  390  ;  form,  IZ  ]3  ;  cells, 
148  :    vegetative  period.  238  ;   seiiial 
oi^na,  391 
Musciiifiie,  381    _ 
Hnscus  lielniinthocortus,  337 
Mushroom,  Aganciiieae 
Musk-melon,  Citciiinia  Mtlo 
Mustard,  520 

(plant),  Sinopw 

Black,  Bramea  nigra 

Treacle,  frjm'muhi 

White,  Sinapitalba. 
Mutilation  of  plants,  22S 


Mvliai 


t,  596 


Mycellur 
Myceloioii,  302 
Myaimycfiet,  343 


Mycon-hiza,  210 
Mycosin,  80 
MyoKtU,  40,  578 
Myriea,  499  ;  wbk,  91 
Myricaaac,  499 
Myricaria,  525 
Myriopkyllum,  563 
ifyruHco,  516,  •516;  &t 
Myruticaceae,  515 
Afynaeeodia,  214 
Myrmecopkytat,  213 
Myronic  acid,  205 
Myro«in,  208 
Myrrh,  635 
Myniriaceiu,  671 
Afynipkylluui,  '261 
M^rtaceae.  664 
UyriifioriK,  562 
Myrtle,  Myrlut 
Afyrttu,  666 
Myxamceba,  'ei.  303 
Myxomj/ctlai,    302,    305  ; 
•51 


\oj(  rf    m,  193,619,  532 

AKkera   394 

Nectary   451 

Xa:fna  366 

NeRat  ve  geotropism,  261-256 

Yel  ni    m,  514 


\n  aim 


337 


?27,  489  ;  saprophytic,  i 

\tiie  thacenf,  523 

^ejKnfkfi,  •34  ;  trap,  *2]6 

\epeta  687 

■\ert        '674,  675  ;  Oasue,  "88; 

95 
Nervatare  of  leaves,  Mf  Venation 

\etl  a,  fruit,  •519 
Netted   e  ned  leaves,  30 
Nettle    Lrtica 
Nen  famiations,  2S6 
N  ckel  n  plants,  172 

>  cotia  a.  '448,  'b7»,  '580,  582 


I  611 


\gfUa 

Nightshade,  Soiaauv      ^ 
I        Deadly  Alropa  Bellailoun 

\i(dla,  337  ;  protoplasm.  . 
gidf, '187 
I  N  trogeu  m  plants,  172,  173 
I   Nodes     J 
,    \ola 


icme,  679 
Jj07,  •308; 

'af 


\ 


..Google 


Nourish  mf lit.  tfe  Nutrition 
Sucellus,  '278,  430,  431,  '456 
Suclear  tavity,  56  ;  divisi 
NuvleiD,  54,  202 
Nacleoli,  66,  62  - 
Niiclens,  *48 
.YHpliai;  514  ;  i.liohla.'it,  ' 
N'ot,  structure  oS,  4S9 
Natations,  aa  Autouoniic 


eo 


Nutri 


g.515 
on,  15S.  1 


special  proceaKS,  206 

.Vj/cl^in/Kfoe,  509  ;  thivkeniug,  137 
Nyctitropio  movemeiits,  270 
Xymphitea,  236,  514,  'SIB 
A'gmphatiieeaf,  514,  G16  ;  iilioblute,  '108 

Oak,  Qufrtut 

Oitu,  Aetna 

Obdiplmtemonons  BuilnEcia,  452 

Ochroa,  32 

OrlinJechia,  379 

Ocim«iH  buamcain,  587 

OtdogoniuiK,  'Zli 

Oetuitiiht,  517,  550 

Oenothera,  563 

OidiHm,  353 

Oil,  Bthereal,  72,  73 ;  seed,  Cam^ina  »tUiea 
-ducts,  88 

Olaauder,  Xtrima  alatiuUr 

Oleum  Aurantii  Horuin,  535  ;  Cacao.  529  ; 
I'uliDUiii,  442  ;  Cocoa,  473  ;  CrolonLs 
543;  MHcldis,515;HeDtbBePip^tati, 
587  ;  Olivu,  574  ;  Pici  pumiliouiA, 
443  ;  Ricini,  643 ;  BtBae,  556 ; 
RoHDiariui,  587  ;  Santali,  566 

Oligotsiy,  452 

Olive,  OUa 

OaagracBie,  *663 

OoiuD,  Allitm  Ctpa 

Onobrgeha,  294,  561 

OnoHia,  561,  562 

Ontogsuy,  44,  147 

Oogamy,  302,  318 

Oogonia,  319 

(;».„j(ce(es,  341,347 

Oospheres,  302,  318 

Oo9]>ore,  302 

Oplii-igluimreaf,  404,  405 

Vplii-i/'',  489 

Opium,  206,  522 

Optimnui  trmperatare,  163,  234 

i>pHHtia,  •528,  527  ;  twig,  '25 

Opnntiaof,  526 
Orwbe,  Alrl/ile^; 
Orange,  CUnia 

root,  Hgilmslui  canmlri'sia 
OivkUlaaar.  •4Sr  ;  roots.  42,   43  ;  tuberfc 
*13,  113,  195  ;  Hiliceoua  Imlies,  72 ; 
inuciUginona  matter,  73  ;   idioblasta, 


I  Orcbil,  378:  SHprophyUc  210 ;  t«rsiDa,258 
.   OrtJiu.  •488.  '489  ;  ovale,  *465 
:   Orgspic  Mi.is,  72,  74 
1   Organs,  ilevelopment  of,  224,  237 
I   OrieulAtiop,    movsmenb    of   proloplasm, 
244  ;  Uinion,  2iB 

Origanum,  587 
.    UmUbiynlH  «    *4et.     cell*,  '76,  81 

Oruithophiloiis  plants  284 

On^UiBche,  584     buuslona,  209 

Orris-root,  Jria 
j   Orseille,  ««  Orchil 

Orthogoual  lr^«,ton[is   150 

OrUtophKeae  519 

OriJuapertnea^    '49 

Orthovtichi^H,  39,  40 

Ortliotroplc,  250 

Oiym,  430,  '481 ;  starch,  69,  70 

Orffifat,  480 

OtcUlaria,  *307  ;  movemeat,  244 

Osiuotic  forces,  187 

0/nn»ndu,  '404 

Ostrich  Fern,  Siridhiopttrit 

Ovary,  *448,  '460 

Ovnlea,  '430 

Oxalate  of  potassium,  202  ;   calcium,  31, 
202 

Oialic  aci<1,  202 

0.ffdidaixae,  632  ;  roots,  195 

(IzolU.  532  ;  aciUs,  74  ;  movements,  269 

Oi^geu  in  plant*,  171,  173,  200,  237 

Pasosia,  "428,  511  ;  flowers,  33  ;  aniy- 

loicl,  81 
Pidaquium,  669 
PaJea,  402 

PalisuU  parenchyiaa,  14,  *78  ;  celU,  115 
Patnuu,  471  1  Hower»,  *463  ;  leaves,  31  ; 

root-thorus,  43  ;  siliceous  l)odies,  72  ; 

etitlosperni.  8t ;  wax,  91  ;  thickening. 

120 ;  stahUity,  164 
Palmate  lesves,  30,  31 
PalmelU  stage,  Algat,  318 
Palm  wine,  185 
Pandanacea^f  475 
Pandanua,   leaf,  3S ;   advantitioas  roots. 


43:  » 


1,  294 


100 


Pnuide,  '461 
/■nnicKfli,  480 

/■(y-iwr,  '521,  623;   uniaxial,  27  j  leaC, 

30;  bundles,  117 
Pap-ivtr<i(eae,  521,  522  ;  lat«x  vessels,  84 
Papaw,  Carica  Papaya 
Papilionaeeae.    559 ;    leaf    Undrils,    35  ; 

wood,  137 
Pspillie,  95,  "96 
Pappmi,  593  ;  hairs,  248 
Papj/Tus,  478 
Parallel  veined  leaves,  30 


/ 


^'.ooglc 


Para-note,  Bertkolietia  I 

Paraphyses  of  Fuau,  333  ;  of  the  FuDgi,    I 
843  ;  Pyreturmyctla,  366  ;  Diioomy- 
celei,  3S9 ;  Byiainvmycftu,  368 

Paradtes,  208 ;  reduction  of  leuves,  25  ; 
roots,  43;  iiiHueiiceou  farmatioii,  ISn 

Paraatichiee,  SS 


131 


•78, 


Pans  gvotlf^folxB,  154,  448,  'WT,  4 
Paniasaia,  251 
Partmyckioideae,  506 
Parsley,  Peiroadi-HUm 

Beaked,  ^filArutciu 

Bur,  Couco/ii 

Pool's,  Aethusa 

Hedge,  TorilU 
Paraiips,  Pasliaaca 

Cow,  Heradeain 

Water,  5iujn 
Parthenogenesis,  68,  280,  340 
Partltfi  lenles,  30 
Paaa^bmi,  *526 
PattifMca,  S49 
Patdliaia,  187 
Paiilowaia,  583 
Pea.  cotyledon,  *458 
Peach,  Prmmi  periica 
Pear,  Pmt!  emnHiKiiij 
Pectose,  80 
Pedate  leaves,  30 
Pediattnim,  *320 
Pa/tadarU,  S88  ;  hausloria,  260 
Peirakia,  526 
Pdargmium,  •532 
/•diio.  389 
Peloria,  453 
PeHieiHimn,  •853 
Pennywort,  Water,  Hydrocolyle 
Pentacyelic  Howem,  451,  *452 
Pepper,  Black,  Piper  nigmm,  503 
Peppermint,  Mentha  piperUa 
Pflppemort,  LepiiUum 
Pepaiae  in  the  protoplasm.  f>4 
Peptonising  ferments,  83,  203,  205 
Perennial  plants,  27,  239 
Perfoliatu  leaves.  30 
Perianth,  38,  *428 
Periaiiial  wood,  138 
Periblem,  150 
Pericambium,  sre  Perlcycle 
Pericarp.  469 
Perichaetinm.  392 
Pcriclinal  walla,  149 
PericycU,  110,  •IIS 
Periderm,  139,  140 
Peridennlttm,  3$7 
FeruliiMu,  31 G 
PeridiniHm.  "SIS 
Perirllola,  374 


Peridinm  of  the  VraliHeae.  365  ;  Qaslerv- 

mycetes,  3(3,  375  ;  Myxomyceles.  303 
Perigone,  446 

perigynous  flowers,  460,  *461 
Perinium,  399  ;  of.  the  Eqiiiittaceae,  248, 

*4I4;  oi  SalHnia,  •411 
Periodicity  of  dsTelopmeut,  237,  238 
Perioiis  of  growtli,  symbols  for,  27 
Periphysea,  365 
Periplasm,  346,  399 
Periaperm,  *432 
/■enaporuKOM,  351,  353 
Periaponeae,  352,  353 
Periatoiae,  24S,  392 
Peritheciiim,  351,  362 
Periwinkle,  Viitat  minor 
Permeability,  168,  167,  177,  178 
Pernambnco  wood,  Cofsaipiaia 
Pen,aa>poreae,  344,  846 
Prrmiatlne,  579 
PeniiisD  wai.palni,  Ctroxyton 
Petals,  448        ■ 
PetttMtea,  588 
Petiole,  29 

PelToedinum,  549,  650 
Peucedanum,  549 
Paita,  •368 
I'hacidiaceat,  369 
/'/uKopliyixae,  329 
Phaeosporeae,  331 
Phaj-s,  starch,  •09,  71 
Phalarultae,  480 
Phaf/niilfne,  374 
I'hatlw,  •374,  376 
I'haaerogamiii,  45,   240,    374,   37S,   427  ; 

fertilisation,  ■87  ;  sejiual  generation, 

431 
I'karhitU,  •261 
I'kiMcof^ae,  394 
Phamtia.  •384 
Phaaaimileae,  662 
PhaeeotuB,   562 ;   coils,  261  ;  starch.  68, 

•69 
Pkegnpteris,  ^pennatoioid,  ^67 
Phellodemi,  141,  •142 
Pliellogeii,  140,  '141,  *H2 
PhiliuMpbm,  552 
/'kleiim  pralrnx.  480 
Phloem,  «c  Sieve-tube  portion 
Phloeotemia,  109 
Phloroglucin,  74,  80 


Phosphor 

Phosphorus  in  plants,   54,    70,  171,  173, 


Phototactic,  sm  Heliotacti 
Phragmiles,  480 
Phycocyaniu,  58,  306 
Phycoerythrin,  58,  835 


izcJbyGoOglC 


PhycD 


;,  330 


PhyllacladXB.  24,  *25,  *261 

PhyllodBH,  38,  '48.  1»4,  2S1 

Phylogeny,  145,  154 

fhytiUu,  581 

Ph)-BicB]  attributes,  180,  Ifli 

Phyaiology,  8,  159 

Physodpti,  65 

Fhyaoetigma.  562 

PhyBOBtigmiunin,  562 

PhgWlqAtu,   81,  205,  473  ;    endospem 

•458" 
fhgttuma,  502 

PhylolBeta,  609  ;  bunrtlw,  117 
Phfftn/acaKtiit,  509  ;  thickening.  137 
PhyUphtham.  344,  '345 
PhyWteratolog)',  154 
I^ytotomy,  10 

Piaa,  *436,  '486,  440 ;  nun,  88 
/^wraenaf  535 
Pigeon  Berry,  Phf/IUacai 
Hgweeil,  VKeiiopodium 
Pilarrt,  363,  368 
Pileus,  368,  370 
Piloboliu.  348 ;  heliotroiiic,  252 
Pilocarpiii,  208 
f  itocarptiw,  535 
I^laatyltM,  209 
PUularia.  •407,  411 
Pimpernel,  AnagaUit 
Pmpin^a.  •546.  549,  550 
PiiUKeat,  489 
Pine,  Pinvn 

Pine-apple,  Brcmxeliaciat. 
Pinguinila,  584  ;  trap,  215 
Pliik,  Uianlhia 
Pinute  iMvea,  30.  31 
Pinnvlaria,  *11 
rtuM*.  438,  "441  ;  woo.1,  '76,  •128.  'IS 

•127,  "128,   •129;  aieve-tnbes,  *7 

■88  ;  attached  by  ffelerobatidia,  37 
Piper.    503,    '504  ;     ethereal    oil,    7J 

bunilles.  117 
PiperaiMU,  503 
K|)«-Viiie,  ArMolofJiia  eiplio 
Pirvt,  •451,  ■653,  *654,  555  ;  peridero 

•141  ;   lenticle!!,    142 ;    attacked   1 

Uyjnnfisporttngium,  351 
Pinlaeia,  535 
Pistil,  *449 

Pinvtii,  ^560,  562  !  leaf-temlrils,  "36 
Pitb,  arc  Medulla 
Pits,  70,  77 
Pitted  vewels,  85 
Pijt  liquida,  442 
PlacenlaUon,  *440 
PlaguKhila.  390  ;  form,  '14 
Plaglotropic,  250 
PUnktoa,  311 


Plaiwganiela,  318 

Ptaiitaginaceaf,  584 

Plantago,  '584,  585 ;  triaxial,  27 ;  bnndles 
101 ;  protogjuy,  '288 

PlantaiOi  Plantago 
I    Plantain;  Water,  Alisma 
\   Plaimodium,    50,   303,   305  ;   abflorptioii 


176; 


i,  167 


t,  242 


Plasmopan,  3 

I  Flatananae,  652 
PlatiaUhera,  489 
I  Plaiycerium,  227 
'  Pleiouhasium,  461 
I   Pleiotaiy,  452 


\   Plen 


<,  150 


'   I'laimeiKcut,  3: 

Plevrofrhiieae.  619 

Plnirotij/ma,  314 
I    Plum,  J'maus 

PlumbajfiiuKtae,  Plambago,  571 

Plumule,  ^456 
I  Poa,  278,  480 
'    Pod,  ttt  Legume 

Podetiuiii,  37  e 

Pottopkylliiutm,  618 

Pidophylliim.  616 

PoaotfKira,  •856 

Pokeweed,  Phytolacca 

Polarity,  228,  227 

Pnleminiiaceae,  hll 

Pollen-graina.    -saos,    -cells.    '429,    •480  ; 
-tubes,  63,  431,  45S ;  chambere,  4»8 

Pollination,  282 

Pollinium  (PolllnariDui),  '438,  576 

Polyareh.  113 

Polyenrpieae,  509 

Falgatrpum,  285 

Polyembiyony,  27S,  467 

Polygala,  Folygalactar,  •533.  684 

Polygamous  Howere.  428  * 

P-'lyganacrat,  504  ;  stipuleG,  32 

PfiygonatuBi,  '488  ;  rhiiome,   *22  ;  sj-iii- 
podium,  18 

Palj/ffoniimc,  503 

Polygonum,  &0i:  ovary  of,  •455;  attacked 
by  Pacdnia,  387 

Polyliedra,  320 

Piiypodiacrai.  402 

Pol^iadiHM,  402,  404,  *40B.  •406 

Pnlyporeat,  370 

Polypanit,  370,  -871,  873 

PolyByiiimetricil  plants.  16 

Polytflmy.  17 

PolytriAmit,  891,  392,  394,  *396 

Pmtuucae,  phellogeu,  HO 

Fomegranale,  Piiniea 

Fomoideof,  228,  554 

Pond-veed,  Potamogrtmi 

Poor-man'a  Weather-glass,  AiuifaHu  ar- 


.,  Google 


PopUr,  Populm 

Poppy,  Paparer 

Popidut,  **93,  4B5  ;  section  of  hud,  '37 
.    Porioldal  dehiscence,  459 

Portidaca  oleratea,  SOB  )  seed,  291 

Poaitlie  atimuli,  251  ;  bsliotropiam,  252  ; 
geotropiam,  257 

Potamogeton,  '483,  484  ;  iteed,  294 

Potash  plaiita.  176 

Potassinm  in  plants  172,  173,  202 

Potato,  Sotaama  ii(4enwBui 

PolentUla,  *461,  553,  565 

PBttrittsi,  554 

Prickles,  99 

Primordial  leaf,  29  ;  utricle,  49 

Piimrose,  Primuia 

Primuia,  571  ;  glandular  hairs,  *97.  88  ; 
hetaroHtyly,  '^6 

Primalaceae.  •670,  571 

PrimHlinat.  589 

Privet.  LignslrTtiii 

Procambium  strands,  106 

Promeristem,  89 

Proroyceliuin,  364 

Prophases,  02 

Prophylla,  wr  Bracteoles 

PrOHeuchynis,  89 

Protanclry,  286,  288  ^ 

Prnteactan,  194,  640  ' 

Prothallium,  290,  3S7,  S98,  405,  413,  431 

Protobasidia,  'SM 

PrulMoixoidcaf,  319,  320 

Protogynv.  285,  286 

Prolomycts,  349,  *360 

Protonema,  *383 

Protopbloeia,  106,  "106 

Protoplaitm,  48,  50  ;  active,  53,  54  ;  in- 
clusion or.  68  ;  living,  177  ;  move- 
ment. 241.  244 

Protoplast,  52,  86,  212 

Protoxylem,  105 

Pnenoideaf,  653,  555 

Pmniii,  553,  656.  *568  ;  spinosa,  thorns, 
26  ;  ctrams.  gum,  81  ;  lentictes, 
1*2  :  growth,  226  ;  penica,  attacked 
by  ExooMiM,  362 

PsaUiola,  -372 

PaeudopaieDcbyma,  341 

Paeudoperiautb,  888 

Pseadopodium,  of  Aiulraea,  •396;  of 
Sphoffiivm,  •399 

PaidiuBi,  665 

Pt«rocarpi  Liguuni,  562 

PUridophsbi.  397;  rootA,  16.  43  ;  bundles, 
101,' 105.  119;  celK  160,  163 


Pterin 


•398,    404; 
bundles.  '106,   '111  ;    petiole 
roots,  *151  ;  cntfico,  279 
Pltncarinu  mataliiiiiB.  125,  562 
Puecinia,  *364,  •365,  '366,  367 
Puff-balls,  Lyaipcrdon 


,   US; 


Pvl^aenaria,  57  S 

Pulque,  185 

Palpa    prunomm,    656 ;    Tamarimiomin, 

569 ;  ColocynthtdiK,  594 
Pulvinos.  SO,  269 
Pninpkin,  Oueurftrto  Pepo,  tee  alio  Glut- 

Puniea,  FuniOKeae,  564 

Puialane,  Porialaca 

P)-cnidia.     of    the    Pyrenmiiycelea.    858 ; 

CrtdimcK,  •366  ;  Lichens,  "380 
Pyonospqres,  Pycnoconidia,  xe  Pycnidia 
Pyrenoids,  71 
Pyrenolickeitai,  380 
Pyrtnom^ctta,  361,  365,  378 
PymcyilU,  223 
Pyrda,  Psrolaceat,  569 
Pytkium,  •346 
Pyiidinni.  458 


HRPKODtlCTlOM,  JW  SoIUbI 

Quantitative  reproduction,  «e  V^etative 

Quaatia,  535 

QaercKi,  '495,  *496,  499  ;  bud-scalw.  33; 

vessel*,  85  ;  midsummer  growth,  124  ; 

tiOitr,  cork.  140;   bark,  141,  'liS  ; 

galls,  155  ;  growth,  226 
QuiUaja,  662,  555 
Quillwort,  Isnttea 
Quiiice.  Cydmiia 

Bacehk,  460,  •461 

Racemose  inflorescence,  are  Botryose 

Radial  plauls.  16,  453  ;  walls.  149,  see  alio 

A.ctinoniorpbic 
Radick,  46 
Radish,  ltap/ian«4 

Garden,  Saphajivs  talh-iii 
Radii    Althaeae,   631  ;    Angelicae,  550  ; 

Amlcae,     599  ;      Belladonuae,    682  ; 

Calumbae,    516  ;     Oentianae,    676  ; 

Oraminis,  482  ;   Ipecacuauhae,  6S9  ; 

Lappoe,  599  ;    Levisticl,  650  1  Liqul- 

ritlae,  562 ;    Liquir.   niundata,  662  ; 

Ouonidis,    662 :     PimpiueUae,    650 ; 

Pyretbri,  699  ;  Ratanhiae,  659;  Khci, 

606  1    Barsae,    468  ;    Senegae,    634  ; 

Taraxaci,  599  ;  Valeritmae,  591 
Jt^flesla,  666  ;  Anioldi,  26,  43 
Rajfieaiaceae,  566  ;  reduction  in  leaves,  26, 

209 


510 


RanuiieulH*.  '450,  •610,  •511-*5]3,  514; 

leavex,  31  ;  bundles,  103,  ^104  ;  celLt, 

92 ;  Puribii,  "236 
Rape,  Brmsifa  A'apiu  (_oU^ffra) 
/(H/)/u(Hi«,  •518,  619 
Raphe   of  tlu^    hiatmieae,    313;    of  the 

ovuK  *430,  431 
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Jlapkia,  1154 

lUphiJ™,  "72,  188 

Raspberry,  RKbui 

Retflptacle,    of   sporangia.   402 ;    dt    th 

flower,  450 
Red  wuidalwood,  562 
Reduction  of  leaves,  35,  43  ;  of  trBni<pirii 

tiou,  164 
Beindeer  nioas,  Cladonia 
Rejuvenestenee,  76,  275 
Reproduction,  169,  274  >qq. 
Reseda.  622 ;  cell),  "66 
Rcaeducaie,  622 

Reseree  rtareli,  68  ;  material,  81,  20 
Resin,  21,  73,  88,  126,  134,  206 
Bespiralion,    159,    216 ;    intranio 


Rigour,  colrl,  heat,  etc.,  273 

Ringed  bark,  141 

Robinia,    581  ;    leaf,    30,    '36 ;    tylOBei, 


Rar^dia,  3S7 
Rootless  plants,  47 

Roots,' 15.   40-47;   cap,    13,    41,   *]52 ; 

respiratory,  43  ;  primary  cortex,  112, 

3     sheath.  113;   centi^  cjlindet, 

3      Laiis,    *182 ;   pressure,   '184, 

coDtraction  o£  295 

R         6  ,  656  ;  pricliles,  36,  &9  ;  etbereal' 


•219 

R              552,  'ess 

Rosa         tifoline  pebtla,  556 

Rtatiacm^,  470 

Uo^emar  ,  Rosmarinia 

Restiug-nporeB.  309 

R     ri        ,562;  wood,  129 

RcticHlBte  vessels.  85 

ft             »-.  587 

Revolving  movements,  269 

-ft          «  654 

Rlwcliis,  30 

R          acid,  80 

RhamiMinix,  539 

Roste     m,  488 

RAim^vn.  142,  'SaS,  539 

BliaUuy  rooU  559 

meUiod  of,  263 

Rheotaitia,  243 

I  R    al  F  m.  (Mma«da  regaiU 

RheolropiHiu,  263 

1   ft           214,  873 

Rhr-m,  *505,  "506 

ac     ,588     ■ 

RhuutMuUkac,  583  ;  attacked  1>)  CW 

R  b           in  plante,  172 

Hiiorhiai,  367 

ft              587 

R  bo       ft  554 

Rbiziiies,  378 

R  h     5  4,  *655 ;  prickles,  36 

Rki-jjbi,m,  '210,  312 

Rhisonirp,'.:,  406 

ft           604.  505  ;  acids,  74 

Bhizoi.ls.   15;    of   the    Bryophnix 

1  R        r-  «(  Stolon* 

391  ;  of  the  Pleriilapkula.  397 

1  R             25 

Rhizonin  Calami.  475  ;  KUicis,  407     G 

R         Bog,  Jimctu 

atigae,  486  ;    Graminls,   482  ;     ridi 

Fl  VI  nng,  RvtviH-113 

470  ;  Podophylli.  616  ;  Veratn 

00.     lf>z«la 

Ze<ioariae,  486  ;  Zingiberis.  486 

ft            *388,  373 

RhiKime,  22,  33  ;  niiilUplication,  >  8 

R  <t        gi.  Ur^linme 

RhUoiHorpha,      *369 ;      phosphou 

R          534 

223  ;  heliotropisni,  253 

'   R              534 

Rhaophora,  293 

R       V    fe  ;  attacked  hy  Clarictps,  3S8 

Rho,todtndroidf«e,  568 

1 

Rho<lr,,nfla.8«hfHeea.iS1 

'          B           LA,  466 

Rhxhiihpcfw,  13,  334 

«,  2S2 

RA.>etuli>iat,  517 

Sac          e  in  sap,  185 

Rlmbarl^  Rhfiim 

M              iyan,  350;  fomi,  10.  '11,  58 

Rhu»,  535 

crh        yala,  350 

Rhatitma,  S59 

<»*,  74 

Ribts,  'esi.  652;   attacked  hy  C      a 

S         ni  r.  480,   *481,    482,    507  ;    wai, 

ti.m,  367 

Riccia,  885  ;  foroi,  "14 

Sairwl  Lotus,  .\flu,iJ>i««i 

Riteiamit,  385 

fl'ro        69 

Rice,  Oryw 

gc         via 

Frnieh,  THIicum  dieoccim 

.•483 

Ridtnrdia,  474 

3    Wort,    common,    I/i/perievn 

Riei.i,'s  oaimnnii,  *542.  543  ;  al 

•71;  palisade  cells  115 

j    S               diis 
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SalUaiMU,  493 

Saligburyp,  443 

Salix,  •4fl3,  49* 

Salsify,  Tmgopogon  porri/nlim 

Salpia,  *287,  293,  407,  587 

Salvinia,  *408,  *409,   *410,  Mil;   root- 
lew,  44*191 

liUviniaceae,  407 

Sambtiau,  *690 :   pbell<^n,  141,  *142  : 
Bhoot  of,  '170 

SatmUiii,  Bjillaif  ahoot  KDd  leaf,  *21 

Snndilwooil,  Sunlolutn  allniin 
Red,  BB2 

Sandwort,  Areiutria 

SnigTiaiirba,  554 

Saaiciila,  549 

SaH/alactar,  209,  56S 

Saotaliii,  125 

Hanlalum,  66S 

Sap,  185;  -earitiei,  49 

."ispindaceat,  635  ;  wooil,  137 

SapiHiliuat,  535 

Sapoaaritt,  509 

Saponin,  74 

^pot(Kva«,  5S9  ;  resin,  73 

Saproltgnieat,  346 

Saprophytes,  aOB 

Sapwood,  124 


Sarraeeiiia,  trap,  21 S 


'106.  * 


Hu^ifraga,    551 ;    caltii 

194 
Staifraga^nt,  561 
iSaxi/raginat,  550 
.SmAuUK,  595   . 
Scalarifonu  ve«s«la,  85, 
3cale  leaven,  29,  32  ;  liairs,  ' 
Scaly  bark,  141 
.'<m)idix,  649 
Scape.  28 
.•k-aiedamui,  '319 
.SfhUtotUja.  223,  394,  *395 
Sehisaeatettt,  404 
SuhiWBarp,  460 
tSth  iBmsefiet,  fl05  -308 
.lehiamemn.  313 
M-himph^ceae.  5S,  305,  30n, 
.•i-AimpAyte,  305.  .'iOe.  375 
Hchizoatelea,  '111 
Hchulze's  macerating  mixtnn 
.Seilia,  466  ;  mucilage.  73 
Srirpmdaie,  477 
Scirpan,  ill  ;  shoot.  2.1 
iVaaMtfww,  4R4 
Mrraiithai.  608 


Sclerenchynia,  111  ;  derelopmeat  of,  *liO. 

237,  266 
Seterenchrmatoua  fibr«,  "76,  *82 
ScUroderma  vulgart,  *373 
Sdentiiiia,  359 
Sclerotium  of  the  Hyxmaycrtta.  53.  304  ; 

of  the  fno^  341  ;  of  C/aii'cepa,  358  : 

of   Che  Ditcnoiyctlea,    359 ;    of   the 

Hjpnauimyaia,  368 
ScolopendrivTa,  "402,  "403 
Scorpioid  cyme,  »«  Cindtini's 
Xcormnera,  598  i  latex  vessels,  "84 
Scraphiilaria,  583 
Scrophulanarmt,  582 
Scntetlnm,  295 
Seypiiantm,  261 
.1ci/(onema,  380 
Sea-larander.  -«o/,« 

-rocket,  Catilf 
Secaii,  "480 


195,  "551 

Seed,    disseiu  [nation,     2 

293  ;  development  < 

-leaves,    46 ;    -niauti 

432;  -coat,  458 

Seedlings.  294 

Selas'iflla.  415,  418,  ' 

monopodial,    17  : 

247  ;  alternation  of 
SelagindlacrBt,  400,  41: 
Selective  power  of  cells, 
Selenium  in  plants.  172 
Semen    Colchici,    468 ; 
Unl,   533  ;   Mfriat 
veris,   522;   Qiierei 
520;    Strophanthi, 
574 
•iiperrivtm,  195,  551 
Seneca,  Piilygala  Seiieya 
Utardo,  fkiueioneae,  59! 
Senega,  534 
SeuDs,  559 
Sepal,  446 
Separation,  27.'i 
Septate  wooil-flbrea,  127 
Septicidnl  dehiacence,  41 
■  1,  239.  440  ;  alal 


.■itrjfl,, 


,  137,  '138 


Serrate  leaves,  i 
ria.  194 
le  leaves,  29 
Seta,  392 
Sttarin,  480 

Sexual  repmluetion,  27-',  iiou 
i  Shallots.  Alii«m  laadoRirnm 
,  Sheath,  32 ;  conducting.  204 
;   Sliee])'s-hit,  Jasi'ine 
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Shemrdia,  589 

Shields  or  tlie  Chancceat,  339 
ShooU,  18-28,  168  ;  -apei.  •J8  ;  adventi- 
tious, 225  ;  pole,  227 
Sbnibs,27 

Sieve-lubes.  'rT,  '86,  '102,  "lOS,  '106, 

181,   133  ;  -plat«ii,  78,   S4  ;  -vesnlH, 

83,  84  ;  parauchrma,  t03 
SigSlaTieat,  42S  ;  tliickening,  120 
,Si/au,  SiUnoidau,  82,  •507,  508 
Silioi,  82 

Siliceous  bodies,  72  ;  eartll,  314 
Silicon  in  pluita,  172.  176 
SUicnIntae,  'SIB 
Siliqoa,  159 
■Siliqiirtaae,  519 
SiljihiHiB  iacinialuin,  2G4 
Silver  In  pluita,  172 
Siauirubaceae,  535 
Simple  leaC  30 
.Si«,ipii.  519  ;  light,  •235 
Sinistrorse  sMm-oliiaber,  '261 
Sinuate  leaves.  30 
■"iiphOTitat,  S'2&  ;  multiauclear.  SO  ;  tissues, 

86  ;  polarity,  227 ;  How  or  protoplastn. 

24fl 
SiphnnoganiH,  431 
tUnitiphmt,  376 
.^wymftrtum,  619 
Sii'.,M,  *648,  549,  660 
HIeep  movements,  see  Nyctitropic 
Slime  fuugi,  JUyxaiaycelf^ 
SiBiiax,  466,  468 
.'myjinnm,  cotyledooa,  295 
Snake-root,  i'olygala  StHtga 
Snapdragon,  AiUirrhimiiii 
Snspweed,  Impatitru 
Snowball  tree,  I'ifrumum 
Snowdrop,  (lalanlhat 
SnowAake,  Lewyitm 
Soapwort,  Sapimaria 
Sodium  in  planta,  172,  176 
~  jil.  abaorptive  power,  183 
•579,  580 
(4,  205 
SHanum,  581,  582  ;  tuber,  '24.  281  ;  epi- 

dennis  of  leaf,  *34G  ;  luberomm,  582 
Siiidago,  598 

Solomon's  seal,  I'ulygmiiUtim  iniitliflorMiii 
SoHchui,  598 
Swrtiw,  554 
Sored  ia,  378 

Sorghum,  461  ;  aniylodeitrin.  70 
Sorrel,  Rama 
Sorus,  402 

Sow  .Thistle,  Sonchuii 
SpndiciflorBt,  470 


Solaniu,  7 


Spadii,  461 
Sparat»i»,  370 

Sparganuuxa^  ffpargaitiian,  475 
SpaHium,  25 
SpaOwdea,  193 
Spectrum  of  chlorophyll,  *57 
Sptaiiaria,  593 
Speedwell,  Veronica 
Spelt,  Trilimm  Spdla 
.SpergiUa.  508 
Siwrmapbyte,  301,  432 
Sperm  atium,  336 

Spenuatia,  of  the  Dklyotaaof.  334  ;  Reil 
Algae,  336  ;   Uredintiu,  366  ;  Fuugi, 


366,380 

Hphacdia,  3E8 

.%Aaggav2i3,  '320,  321 

f^Aatria,  iSi  ~^ 

SphaeroOuillia,  379 

SphaeroUitca,  352 

fiphagnacme.  28B,  380,  394 

Sphof/iinm,  •Sgi,  ^396  ;  cells,  146 

Spike,  460.  '491 

Spikelets  of  Ominineae,  478 

^lilaiUhet,  599 

Spinach,  Spitmeia 

4i'«acia,  607  ;  March,  68 

Spindle,  30  ;  fibres,  •ei  ;  -tree,  Svaiiymut 

^TBta,  Spiraaiideae,  564,  565 

Spiral  vesseli,  35 

SpirUluM,  '11,  809.  312 

Spinxiofif,  309,  *312 

Spimdela,  476 

ifydroggra,  *81B,   317  ;  cells,  •SI ;   pyre- 

l       noid,  71  ;  laorement,  244 

^roliibau,  519 

^inJiiuK,  244 

Sfiliuhnum,  392 

Spon-jilla,  213,  320 

Spougy  parenchyma,  116 

Sporangiuiu,  803,  318  :  opening,  248  ;  of 

tbe  Cyathraaiw,  ^484  ;   EqHiartinae, 

413  ;   UydmptmdaA.   402  ;    MartUi. 

aCHie,  407  ;  PteriJophytes,  399 
SporangiophoTBS,  342 
Spores,  45,  280,  300  ;  of  the  Myxomyeett*. 

50 :  thickening.  76,  78  ;  desiccation, 

179  ;  dtsaemi nation,  248 
Sporidia,  362 
SpoTocarp,  406 
Sporogonium,  384,  3SS,  392 
Sporophyll,  33,  399,  428 
Sporophyte,  398 
Spring  wood,  123 
Spu:^,  Euphorbia 
Spurrey,  ."^lergnla 
SUbility  of  the  plant-body,  164 
■■ffii^yj,  687 
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sulked  leavei,  26 
3U^]eD^  427,  447 
SUminodes,  448 

.Vapelia,  57S  ;  succulent  stems,  64 

Staphsf/aaxcii*,  312 

iitar- Anise,  ll/ieiuia 

Starch,  •88,  *69  ;  grsina,  199  ;  transitory, 

204 
Starwort,  SUUaria 


Nlati 


.  572 


.Steffomrpae,  392 
Stele,  109,  110 
Slfllaria,  608 
Slellalae,  5S9 

Stem,  109  ;  climlie™,  258,  bi 
.SleiaoHitU,  "804 
tiemUiaeeae,  *52S 
Stereoiue,  •169,  *170 
Stereuat,  370 
Scerigmata,  342,  *3fl3 
Sterile  seeds,  277 
Stlckwort,  Stdlaria 
Stignia,  *118,  449 
.tligmaria.  423 
Mtigmatic  finid,  194 
Stinging  hairs,  "98,  97 
Hiipa  peitnata,  247 
Stipe,  194,  370 
Stipules,  29,  32 
Stock,  MaOkiola 
Stolons,  24 

Stomata,  94,  189,  222 
Stoneoroji;  "Mossy,  Sfdum  aci 
Stoue-rruit.  tet  Dmpe 
Stoneworts,  ChaTacatt 
Storksbill,  Erodinm 
.StmliolrJ,  483 
Strawberry,  Fragaria 
.StreploaKcaa,  •812 
Strickeria,  '36S 
Stroma,  356 
Strontium  in  plants,  172 


StnicturaJ  deviations,  154 

.'ilnitkiopleri*,  402 

Strychnin,  206,  574 

/^rffchaoa^  574 

Style,  •448,  449 

Stynuaeeae,  569 

Slyrax,  569 ;  UquiduH,  552 

Suherio,  SO 

Subehsetl  cell-wallx,  80 

Subsidiary  cells.  94 

Subtending  leaT,  19 

SuccUa,  "695 

Suction  roots,  43  ;  of  transpiring  shoo 

•192 
Sugar,  73,  185,  ISB  ;  -cnne,  tkii^harum 
Sulphur  in  plants,  73,  172,  173,  220 
Sulphuric  acid,  nctiou  in  protoplasm,  63 
Sumach,  HJias 


Summer   Savory,    Satureia ;    Spores,    Kt 

Uredoapores 
Snndew,  Drmtra 
SimRower,  Hflianlhvs 
SuBpensor  of  the  embryo  of  LycepodUtcau, 

418 
Swarm-spores,  50,  '51,  243,  303,  316 
Sweet  Basil,  Ociinvm. 

Bay,  LaiiTia  nobilU 

Flag,  Aeonit 
Sycamore,  Acer  pieudo- Ptatania 
Symbiontfl,  206 

Symbiosis,  173,  211,  320,  377,  408 
Symbols  for  periods  of  growth,  27 
Symmetry,  relations  of,  15,  16 
Hi/mprialat,  567 
Sympetalous  perianth,  446 
Sym^ytmii,  578 

Sympodial  inlloreacence,  »m  Cymosa 
Sympoditim,  17 
Syncarpous  gynoscinm,  448 
Syneiydae,  454,  '456 
Syriiiga,  226,  673 

Syrupiis  Mori,l502  ;  Ribiam,  552  ;  Idael, 
556 


Tabashser,  175 


c525 
Taatarindiii,  *557,  569 
Tannin,  72,  74 

Tapetum  of  the  PteridojAyta,  399 
Taphrina,  352| 
Tapioca,  643 
Tap-Tools,  42 

Taraxacua,,  168,  248,  ^597 
Tarragon,  AHemima  Draciiticultia 
Tartaric  acid,  205 
Taxaeeae,  443 
Taxineae,  132 

Tojodioidfie,  Taxodivm,  439,  440 
Taxaa,   •443,   ^444  ;   btmdies,  117,  '118, 

•119 
Tea,  626  ;  see  Thea 
Teak -tree,  Te,doita 
Teasel,  Dipti-cm 
Tectona,  585,  686 
Tegunientary  system,  90 
Teleutosporea,  384      ■ 
Trlluriutn  in  plaata,  172 
Temperature,  influence  on  growth,  234,  267 
Tendrils,  28 
Tentacles,  99,  216 
'   Terebinthlna,  442 
TerMnthinae,  634 
TernttroeiauKtue,  525 
Tetnu/unia,  seed,  294 
Tetraspores.  335,  384 
Teucrhim,  687 
Thalamifiorat,  448 
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Thaliclruui,  117,  511 
Thallium  in  plants,  172 
ThnUophyta,  301  ;  form,  13,  6S 
TlialUu,  10-14.375 
Thamnidinm,  318 
Ttua,  •524,  525 
Thecn,  447 
Thein,  20« 
Thet^re«f.,  870 
T/uobrvina,  '529 
niHobromin,  206 
Theai«ticsl  liiagrani,  39 
Therinatrapisia,  263 
Thaiiiii,  GSS  ;  Haastoru.  209 
Tlikkeningorstem,  75.  120,  137 
ThistK  Bleased,  Cnurtw 
Common,  CiTtitita 
Plniueless,  GarduHt 
niailiaTUha  difbia,  225 
nianpi,  172,  519 
Thoru -apple,  iMdara 
Tliomn,  *26 

TliorougU-wai,  Btipleimm 
Thoroughwort,  Enpatoriniii 
Thrift,  Armeria 

Thuja,  ■483,  440  ;  bndding.  *45  ;  leaf,  46 
Thyme.  Mynnis 
Thymdam,  Tkytntlaeinaf,  639 
Thymtis,  587 
Tilia,'S2&;  wood.  129, 'ISO,  "ISl,  "132; 

pollen-graiut,  430 
TQiaceae,  '527 
TUJatuUia,  195 
Tillelia,  Tillttiacau,  361,  862 
Tin  la  plants,  172 
Tiiinevelly  Senna,  559 
TisKQea,  86  mjq.;  syiit«ni!i.  90  ;  digtribntioa 

of,    108  ;   aeconiUry.    120  ;    tension 

of,  167  :  mechanical,  169 
Titaninia  in  pUnlfl,  172 
Tosd-lla;!,  Lintiria 

-Atoole.  Agaritinrae 
Tobacco  plant,  yieoliatui 
T'idea  iffrieaiia,  279 
T'>l«\/em,  560,  562 
Tolypdlr^iait,  340 
Tomato.  Lycopertinim 
TamKatella,  baaidia,  363 
ToQoplast,  551 
Toothwort,  Latkrara 
T-yrHit,  649 
Torsion,  248.  259-262 

*-"   -"7  ;  of  Bower,  450 

'vlypnrvt  /nmaitariiii 

02,  *126,  127,  '128,  18n       I 

ID  of  vascular  hundlett,  101  ;   ' 

•82,85,102,125,  126,  "128  ' 
470 ;  hairs,  '53,  98,  244  ; 
2,  •68  :  epldenni»,  *94  ! 


Tragacintha,  542 

Tragopogoii.  248,  598 

Traraa,  373 

Tranafusiou  strands.  111,  112 

Transitory  atareh,  204 

Transpiration,  ISO,  1S6,  188-192 

Transversal  geotropiani,  256  ;  heliotropism, 

252 ;  lygomorphiam,  453 
Trapa,  236,  563 
Treacle -mustard,  Eryi>m«m 
Tree,  27  ;  -rems,  Cyalhtaaae 
Trefoil,  TriffHuta. 
Trfmtlla.  bosidia.  *S63 
Trtrntlliatat,  363,  368 
TraUipoldia,  322 


TnaiiB 


245 


Trichia,  '305 

Trichogrne,  386 

Tn'chomanea,  405 

TriohonieB,  95,  *96,  *97.  '98 

Tritoccat,  248.  540 

Trifolioideiie,  561 

Tr^olium,  661 

Triglodim,  483 

TrigoiieUa,  561 

Trimerous  flowers,  462 

Trimorphic  heterOHtyly,  287 

Triplocaalesceut  pUuts.  27 

Triticam,  480,  482  ;  starch,  *t 
•71  ;  growth,  231 

Trivrida/xae,  41J4 

Tmpaeolatxat,  532 

Trnpaeoltaii,  532  ;  leaf,  34,  "199  ;  chroma' 
lophores,  *58 ;  amyloid,  81  ;  water- 
pore.  '95:  exudation,  *193  ;  belio- 
tropism,  254 

Truffle  Fungi,  Tttberaaat 

TrypniH,  64 

T«wga  caHotUntU,  leaf-bud  of,  *37 

Tuber,  23.  33,  *354.  356;  multiplication 
of,  278 

Tubera,  23  ;  Aconiti,  512  ;  Jalapae,  577  ; 
Salep,  490 

Tiihrraceat,  352.  355 

Tiiherqle  fungus,  BadUiu  Tubgrculoiiit 

Tahifont,  676 

Taindi/lonu.  597 

Ttdipa.  468  ;  bulb,  ^28 

Turgidity,  166-167 

Tu^or,  changes  of,  16%  167,  269  ;  teiuiou. 
231,  247 

Turnip,  B-nusica  Rapa,  tee  alio  Betain 
-tahbage,  UmMtca  Napia  (Xapotmatiixi) 

Tusailago,  597-599 

Twin -flower,  Ztniiom 

Tyloses,  "126 

Typlia,  475 ;  inflorescence,  225 ;  set^l. 
294 

Typhaceat.  475 

Typhus  bacillus,  309,  *S12 

Tyrosln,  203 
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Vluacbab,  500 

VerboMnia,  'SSS  (  leaf,  30                -^ 

UImm,  *600  ;  lenf,  •2B 

Vei-bena,  I'erJemwoK.  58B,  586 

UtiAkrix,  323 ;  swanii- spores,  '87 

l>n««,  213 

r/m,  322;  form, '12 

Vernation,  37 

UmUL  '461 

I'eronica,  583 

Vinbelliftrae,  645,  '546  ;  oU-duoU, 

Ve^ixi,  860 

Vrrrxcarki,  380 

I'Hcaria.  586 

Vervain,   IVrfinia 

Un.luUt«  leaves,  30 

UnequBl  growth,  247 

Vetch,  Lalhyras 

Uni.)ri.l  plants,  27 

Vibrio,  309,  '312 

UuicelluUr  hairs,  '98 

Untseiual  flowen,  42S 

Vida.  681,  602  ;  root,  "211 ;  re<piratioii, 

UrtdlMiu,  363,  364 

219 ;  growth,  *233  ;  geotropic  move- 

r™io, 367 

ments,  *258  ;  attacke.1  by  Vromyx!:. 

387 

(.■fg.i«o,  JSS 

VkuAhBe,  661 

Urocyslia,  362 

Viclvria.   514;    warmth    by   respiration. 

221 

frtiea,  603  ;  hairs,  '96,  97  ;  luoi 

244 

*7S 

rHimreae,   503  ;  rtsiu.  73  ;   lflt«:( 

tubes. 

Vincetiaicum  initiate,  *576  ;  attacked  by 

83 

Cnraartiitm,  367 

UrtiemM,  499 

Vine,  ntu  maifera 

: 

('«.«(,  378,  •379 

Vinum,  638 

Kiofa,   172,    •523.   624;    .jpidermis.   "96, 

t'*(i7oi70,  "361 

9B  i  stipule,  "98 

Uliliutioa  of   products   or   a>«dmilBtioD, 

l-iolaeeae,  623 

201 

Violet.  Viola 

VIricularia,    584  ;   laaves,  '35  ;   rootlet-), 

Alpine,  Oydaiiiea  evropaeinn 

H.  181;  Klaads,  215 

Viper-s  BiglOBS,  Echx«„i 

CMcubiriacmf,  583 

Gnu«,  Scora-iicra  Mtpanim 

Virginia  creeper,  Ampelopaui 

r.HX/.vJOHiBas,  i-iixhiiHm.  56S  ; 

fungus 

ou,359 

epidermia,  189  ;  DutritioD,  210  ;  hypo- 

Vacuoles.  -49,  5S,  230 

cotyl,  251 

Vajin..  29 

Vll/>m<'.  537.  638 

I'ate-WBo,  *591 

Vital  Bttribntea,  160,  167 

Vili>:.   *538;.w«.d,    129;    tendrils   26. 

Valeru-ntlla.  581 

•287 

■■■3 

y<'l/i«UTxa,  245,  283 

,-„oisifoiM,  -267 

ValTkU  leaves,  37 

Vltt«,  88 

Valvea,  313 

Volva,  371,  375 

riiHilia.  *489,  490 

Vi-lnKiicaie,  320 

VaiillllD.  54  ;  ligniHeatiou,  80  ;  co 

ifcriii. 

TWro-f,  319,  *32].  322 

206 

Varec  331 

WiLLFLOWEH,  Chtimat/im 

Varietits,  uew,  154 

Wfltsr-cHllure,  174  ;    inibilieii.  177,  178  ; 

Vascular    triichei.U,    82  ;    bundles, 

101  ; 

distribution   of,   184  ;   eindation  of. 

crj-ptogams,  101  ;  iilnnts,  147 

188,  193  ;  agency  for  ilissi-mi nation  of 

Vaocluria,  325.  *328.  '327 

see.ls,  292 

Vegetable  ivory,  Pkytelfpluia 

Water-fenis,  H^fdropUridfoe 

Vegetative  cell,  '87  :  point,  148  ; 

-IQy,  Sj/mphoKt 

' 

ducOon,  275,  277 

•raUfoil,  Af.jri.'i,hylUm 

Velamen,  42,  100,  194 

-pest,  JUndfn 

Velum,  372 

■soldier,  .Sfmfiofn 

Venation  otieaves,  30,  'lOl.  *463. 

*4B] 

-stomatB,  96 

Veuus  fly-trap,  Du.-uieii 

-wort,  EtalirK  ' 

Veiius'a  lookiDR-glasa,  Siieci'lunn 

Weindia,  590 

VerBtrinuni,  206,  468 

WehntKkia,  443 

rera(nf«,  468,  468 

Wheat.  THticma 
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